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We construct the relativistic chiral Lagrangians with decuplet baryons up to the order O(p4)
(one loop). For the meson-decuplet-decuplet couplings, there are 1, 13, 55, and 548 terms in the
O(p1)-O(p4) order Lagrangians, respectively. For the meson-octet-decuplet Lagrangians, the number
of independent terms from O(p1) to O(p4) are 1, 5, 67, and 611, respectively. For convenience of
applications, the π∆∆ and πN∆ chiral Lagrangians are picked out. This new form of ∆ Lagrangians
is equivalent to the original isovector-isospinor one and we establish relations between these two
forms.
I. INTRODUCTION
Chiral perturbation theory (ChPT) is a useful tool to describe low-energy strong interactions of mesons [1–3] and
baryons [4]. This effective theory is based on the chiral symmetry of QCD and its spontaneous breaking. The
interaction terms and various physical quantities in this theory are organized perturbatively by chiral dimension, the
order of p/Λχ where p represents the typical scale of momentum and Λχ is the scale of chiral symmetry breaking.
Theoretically, the higher chiral dimension terms are considered, the higher precisions of results would be obtained. At
present, the chiral Lagrangians containing the pseudoscalar mesons [2, 3, 5–12] and the ground state baryons [4, 13–20]
(both SU(2) and SU(3)) have been already constructed to the sixth and forth order, respectively. Recently, the chiral
Lagrangians with ∆(1232) are also considered up to the forth chiral order [21, 22]. For the purpose of applications,
the current existent chiral Lagrangians are precise enough for theoretical studies on low energy interactions. However,
the above investigations missed a kind of particles, the spin-3/2 hyperons.
In reality, a lot of low-energy QCD problems are related to the chiral Lagrangians with decuplet states which are
degenerate with the octet baryons in the large Nc limit. Such problems include: the masses of the octet/decuplet
baryons and the mass relations between octet/decuplet baryons [23–26], the electromagnetic structures of octet and
decuplet baryons (magnetic moments, electric quadrupole moments, and electromagnetic form factors) [27–30], the
meson-octet/decuplet scattering processes [31, 32], the transitions from decuplet states to octet states [33, 34], lattice
studies of baryon properties [35–37], and so on. Especially, the studies of the transitions between decuplet and octet
baryons can shed light on the possible dibaryons [38]. The lowest order chiral Lagrangian with decuplet states is
obtained easily [39], but we find only fragmentary results for high order terms in the literature (see the references
mentioned above). Such Lagrangians are constructed just for special problems one focuses on. A complete and
minimal set of Lagrangians with decuplet baryons is still needed. One purpose of this paper is to construct the chiral
Lagrangians with the decuplet baryons to one loop (the 4th chiral order) systematically.
In the SU(2) case, we have obtained the chiral Lagrangians with ∆ up to the order O(p4) [22], where we use the
isovector-isospinor representation [40] in the isospin space for the Rarita-Schwinger (RS) fields. The application of
such Lagrangians is not so convenient in some cases. On the other hand, in the SU(3) case, the decuplet baryons are
represented in the flavour space as a totally symmetric tensor Tabc. Since the ∆ baryons are members of the decuplet
representation, the Lagrangians with ∆ can also be expressed with the symmetric tensor. However, it is apparently
not straightforward to make a relation between these two formalisms. Another purpose of the present study is to give
new chiral Lagrangians with ∆ in the form of Tabc (a, b, c = 1, 2) and establish the relations to the former formalism.
This paper is organized as follows. In Sec. II, we review the building blocks for the construction of the chiral
Lagrangians with the mesons, the external sources, and a part of building blocks with baryon fields. In Sec. III, we
present the structures of the chiral Lagrangians and give a full building blocks with baryon fields. In Sec. IV, the
properties of the building blocks, the linear relations of invariant monomials, and the relations between the original
chiral Lagrangians with ∆ and the new forms are given. In Sec. V, we list our results and present some discussions.
Section VI is a short summary.
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2II. BUILDING BLOCKS IN CONSTRUCTING CHIRAL LAGRANGIANS
Generally speaking, the constructed Lagrangians in ChPT involve the pseudoscalar mesons, the external sources,
the decuplet baryons, and the octet baryons. In this section, we present appropriate building blocks in constructing
the chiral Lagrangians. More detailed discussions about them can be found in Refs. [2–6, 9, 10, 12, 17, 18, 20–22].
For the spin-3/2 baryon states, we consider both SU(3) and SU(2) cases. For convenience, we simply call the form of
chiral Lagrangians with ∆ in Ref. [22] “original” and that in this paper “new”. Needless to say, the new form SU(2)
Lagrangians are just selected terms of the SU(3) Lagrangians with decuplet baryons. Hence, in the following parts,
we treat them in the same way.
A. Building blocks of the mesons and the external sources
The QCD Lagrangian L can be written as
L = L 0QCD + q¯(/v + /aγ5 − s+ ipγ5)q , (1)
where L 0QCD is the original QCD Lagrangian and q denotes the quark field. We use s, p, v
µ, and aµ to denote scalar,
pseudoscalar, vector, and axial-vector external sources, respectively. Conventionally, the tensor source and the θ term
are ignored. As usual, we consider that only aµ is traceless in the two-flavour case, but both aµ and vµ are traceless
in the three-flavour case.
In ChPT, the pseudoscalar mesons (Goldstone bosons) come from the spontaneous breaking of the global symmetry
SU(Nf)L × SU(Nf)R into SU(Nf )V . The resulting meson fields are collected in u and it transforms as
u→ gLuh† = hug†R (2)
under the chiral rotation, where gL and gR represent elements in SU(Nf )L and SU(Nf)R, respectively, and h is a
compensator field which is a function of the pion fields.
To construct the chirally invariant Lagrangians involving only meson fields and external sources, the building blocks
are usually chosen as
uµ = i{u†(∂µ − irµ)u− u(∂µ − ilµ)u†},
χ± = u†χu† ± uχ†u,
hµν = ∇µuν +∇νuµ,
fµν+ = uF
µν
L u
† + u†FµνR u,
fµν− = uF
µν
L u
† − u†FµνR u = −∇µuν +∇νuµ,
(3)
where rµ = vµ + aµ, lµ = vµ − aµ, χ = 2B0(s+ ip), FµνR = ∂µrν − ∂νrµ − i[rµ, rν ], FµνL = ∂µlν − ∂ν lµ − i[lµ, lν], and
B0 is a constant related to the quark condensate. The form of these building blocks, however, is not very useful in
the construction of chiral Lagrangians with decuplet baryons. For convenience, we write the flavour indices of these
building blocks (or any other matrices in the flavour space) explicitly,
X = Xa
b +XsI, Xs =
1
Nf
〈X〉, (4)
where X denotes any building block in Eq. (3) (or any matrix in the flavour space), Xa
b (Xs) is the traceless
(traceable) part of X , I is the Nf × Nf identity matrix in the Nf -flavour space, and 〈· · ·〉 means the trace in the
flavour space. We use a and b (a, b = 1, 2, 3) to denote the row index and column index of the matrix X , respectively.
In the following, we will treat the row index (or the first index) of Xa
b as the subscript and the column index (or the
second index) as the superscript. According to these notations, we have uµs = f
µν
−,s = h
µν
s = 0 in the two-flavour case
and an additional relation fµν+,s = 0 in the three-flavour case. The chiral transformations (R) for these building blocks
are
Xa
b R−→ X ′ab = haa
′
X ′ b
′
a′ h
† b
b′ ,
Xs
R−→ X ′s = Xs.
(5)
Here ha
a′ does not need to be traceless as the definition of Xa
b in Eq. (4). The row index of Xa
b is related to the h
field, but the column index is related to the h† field.
3The covariant derivative ∇µ acting on the building blocks in Eq. (5) are
∇µXab = ∂µXab + Γac,µXcb −XacΓcb,µ,
∇µXs = ∂µXs,
Γµ =
1
2
{u†(∂µ − irµ)u+ u(∂µ − ilµ)u†}.
(6)
In constructing the Lagrangian, the following two relations will be useful
[∇µ,∇ν ]Xab = Γac,µνXcb −XacΓcb,µν , (7)
[∇µ,∇ν ]Xs = 0, (8)
Γµν = ∇µΓν −∇νΓµ − [Γµ,Γν ] = 1
4
[uµ, uν ]− i
2
fµν+ . (9)
B. Building blocks of baryons
Besides the meson fields and external fields, we also need baryons belonging to SU(3) 8 and 10 representations.
The octet baryons are represented by a matrix Ba
b,
Ba
b =


Σ0√
2
+ Λ√
6
Σ+ p
Σ− −Σ0√
2
+ Λ√
6
n
Ξ− Ξ0 − 2Λ√
6

 . (10)
In the two-flavour case, it is reduced to the nucleon doublet,
ψa =
(
p
n
)
. (11)
One may also use the symbol Ba
3 (a = 1, 2) to denote this nucleon doublet. For the decuplet baryons, they are
denoted by a totally symmetrical tensor Tabc with
T111 = ∆
++, T112 =
∆+√
3
, T122 =
∆0√
3
, T222 = ∆
−,
T113 =
Σ∗+√
3
, T123 =
Σ∗0√
6
, T223 =
Σ∗−√
3
,
T133 =
Ξ∗0√
3
, T233 =
Ξ∗−√
3
, T333 = Ω
−.
In the SU(2) case, only the first four fields are needed.
The chiral transformations for these baryon fields are
Ba
b R−→ B′ ba = haa
′
B b
′
a′ h
† b
b′ ,
ψa
R−→ ψ′a = habψb,
Tabc
R−→ T ′abc = haa
′
hb
b′hc
c′Ta′b′c′ ,
B¯a
b R−→ B¯′ ba = haa
′
B¯ b
′
a′ h
† b
b′ ,
ψ¯a
R−→ ψ′a = ψ¯bh† ab ,
T¯ abc
R−→ T¯ ′abc = T¯ a′b′c′h† aa′ h† bb′ h† cc′ .
(12)
From the transformations, the indices of ψa and Tabc (ψ¯
a and T¯ abc) can be treated as row (column) indices and those
of Ba
b and B¯a
b
are self-evident. From Eqs. (5) and (12), we can see that if a term is chirally invariant, all the row
indices must be contracted with the column indices and vice versa. This is the reason why we write the row and
column indices explicitly.
The covariant derivative Dµ acting on the baryon fields are [15, 18, 27]
Dµψa = ∂
µψa + Γa
bµψb,
DµBa
b = ∂µBa
b + Γa
c,µBc
b −BacΓcb,µ,
DµTabc = ∂
µTabc + Γa
dµTdbc + Γb
dµTadc + Γc
dµTabd.
(13)
4It seems that, in the three (two)-flavour case, we can choose T µabc, T¯
abc,µ, Ba
b, B¯a
b
(T µabc, T¯
abc,µ, ψa, ψ¯
a), and their
covariant derivatives as building blocks. But it is a bit more complex for the spin-3/2 RS fields, we will discuss this
issue in the next section.
III. STRUCTURES OF CHIRAL LAGRANGIANS WITH DECUPLET BARYONS
A similar discussion in this section has been presented in Ref. [22]. Here we only list the necessary ingredients for
the Lagrangian construction. More details can be found in Refs. [17–21, 40–56].
In this paper, we adopt the vector-spinor representation Ψµ (µ = 0, 1, 2, 3) [41] for the spin-3/2 fields. The general
Lagrangian for a free RS field with mass m reads [42]
Lf = Ψ¯µΛ
µν
A Ψν , (14)
ΛµνA = −
[
(i/∂ −m)gµν + iA(γµ∂ν + γν∂µ)
+
i
2
(3A2 + 2A+ 1)γµ/∂γν
+m(3A2 + 3A+ 1)γµγν
]
,
where A 6= −1/2 is an arbitrary real number. From this Lagrangian, one derives the equation of motion (EOM) and
two subsidiary conditions
(i/∂ −m)Ψµ = 0, (15)
γµΨµ = 0, (16)
∂µΨµ = 0. (17)
The two unphysical spin- 12 degrees of freedom in the vector-spinor representation can be eliminated with these two
subsidiary conditions.
There exists a so-called “point” or “contact” transformation under which the above Lagrangian is invariant,
Ψµ → Ψ′µ = Ψµ +
1
2
aγµγνΨ
ν, (18)
A→ A′ = A− a
1 + 2a
, a 6= −1
2
. (19)
The choice for the value of A does not affect physical quantities [50, 55, 57]. Therefore, one may simplify the above
Lagrangian by a field redefinition [48]
Lf = ψ¯AµΛ
µνψAν , (20)
Λµν = −(i/∂ −m)gµν + 1
4
γµγλ(i/∂ −m)γλγν ,
where ψµA ≡ OµνA Ψν = (gµν + 12Aγµγν)Ψν . Now, Λµν is independent of A and the A dependence is implied in ψµA.
For the meson-decuplet-decuplet (MTT) interactions, the chiral Lagrangian has the form
LMTT = T¯
abc
µ Λ
def,µν
A,abc Tdef,ν , (21)
Λdef,µνA,abc = −
[
(i /D −mT )gµν + iA(γµDν + γνDµ)
+
i
2
(3A2 + 2A+ 1)γµ /Dγν
+mT (3A
2 + 3A+ 1)γµγν
]
δa
dδb
eδc
f +Odef,µν1,A,abc, (22)
where mT is the decuplet mass in the SU(3) limit and O
def,µν
1,A,abc contains the meson fields and the external sources.
Then the EOM and the subsidiary conditions in ChPT are
(i /D −mT )T µabc
.
= 0, (23)
DµT
µ
abc
.
= 0, (24)
γµT
µ
abc
.
= 0, (25)
5where the symbol “
.
=” means that both sides are equal if high order terms are ignored. We may write the structure
of any term in Odef,µν1,abc as [17, 21, 22]
T¯ abc,µO······Θ
···
···T
ν
def +H.c., (26)
where · · · denotes suitable flavour and Lorentz indices, O······ is the product of the building blocks with the meson
fields and the external sources in Sec. II A, and Θ······ contains a Clifford algebra element Γ ∈ {1, γµ, γ5, γ5γµ, σµν}, the
Levi-Civita tensors in Lorentz space εµνλρ, and the covariant derivatives acting on T νdef . Up to the order O(p4), the
structures of Θ······ can be found below Eq. (49) in Ref. [22].
With the structure in Eq. (26), the low-energy constants (LECs) in Odef,µν1,abc are dependent on A. One can absorb
the parameter A into the redefined RS fields according to the point transformation (Eqs. (18) and (20)). Then the
Lagrangian (22) can be rewritten as
LMTT = −T¯ abcA,µ
[
(i /D −mT )gµν − 1
4
γµγλ(i /D −mT )γλγν
]
T¯A,abc,ν + T¯
abc
A,µO
def,µν
1,abc TA,def,ν, (27)
where T µA,abc = O
µν
A Tabc,ν. Now, the LECs in Eq. (27) are independent of A, but the invariant monomials have the
same structures as those in Eq. (22), i.e. one may get Eq. (27) from Eq. (22) by changing Tabc,µ to TA,abc,µ only.
The LECs in these two equations are equal if A = 0. Physically, we can choose any value of A (A 6= −1/2) (A = −1
is a simple and widely used value). In the final results (Sec. V), we only give the structures in Eq. (22).
The new form π∆∆ Lagrangians are very similar to the MTT Lagrangians. The differences lie only in the baryon
mass and the flavour indices. By changing mT to m∆ (∆ mass in the chiral limit) and limiting all the flavour indices
to 1 and 2, the new form of π∆∆ Lagrangians is obtained.
For the meson-octet-decuplet and πN∆ interactions, the chiral Lagrangians have the following structures, respec-
tively,
ǫabcB¯d
e
O······Θ
···
···T
µ
A,n,fgh +H.c., (28)
ǫabψ¯cO······Θ
···
···T
µ
A,n,def +H.c., (29)
where O······ and Θ
···
··· have the same meanings as those in Eq. (26). For the Levi-Civita tensor, we have column indices
in ǫabc (a, b, c = 1, 2, 3) and row indices in ǫabc (in the H.c. part). Here, ǫ
ab ≡ ǫab3. The RS field depending on A is
defined through
TA,n,fgh,µ = ΘA,n,µν(zn)T
ν
fgh, (30)
ΘA,n,µν(zn) = gµν + [zn +
1
2
(1 + 4zn)A]γµγν
≡ Θn,µα(zn)OαAν = OAµαΘn,αν(zn),
Θn,µα(zn) ≡ gµα + znγµγα. (31)
Some zn parameters are needed because of the point transformation [58]. They can be obtained from experiments.
In Eqs. (28) and (29), the point-invariant structures have been implied and the LECs are already independent of A.
To construct Lagrangians, for the baryon fields, we choose T µabc, T¯
abc,µ, T µA,abc, T¯
abc,µ
A , Ba
b, B¯a
b
, and their covariant
derivatives as building blocks in the three-flavour case. In the two-flavour case, we adopt T µabc, T¯
abc,µ, T µA,abc, T¯
abc,µ
A ,
ψa, ψ¯
a, and their covariant derivatives.
IV. PREPARATIONS FOR LAGRANGIAN CONSTRUCTION
In this section, we make preparations for the construction of chiral Lagrangians with decuplet baryons. The new
form of chiral Lagrangians with ∆ is understood. The recipes are very similar to those in constructing Lagrangians
for mesons, meson-baryon systems, and the π-N -∆ systems in Refs. [12, 20, 22].
A. Power counting and transformation properties
The chiral dimensions [2–4, 6, 17, 18] of the building blocks with the external sources are listed in the second column
of Table I and those of the Clifford algebra and the Levi-Civita tensors are given in the second column of Table II
6[17, 18, 56]. The baryon fields are chiral dimensionless and the information is not shown in these tables. The covariant
derivatives acting on the meson fields and the external sources are counted as O(p1), but those acting on the baryon
fields are counted as O(p0).
The chiral Lagrangian should be invariant under the chiral rotation (R), parity transformation (P ), charge con-
jugation transformation (C), and Hermitian transformation (h.c.). The chiral rotations for the building blocks have
been discussed in Eqs. (5) and (12). The P , C, and h.c. transformations are almost the same as those in Ref. [22]
and we also present such properties in Tables I and II. Only different properties will be mentioned.
Compared with Table I of Ref. [22], Table I here shows the flavour indices explicitly. The meanings of plus and
minus signs in Table II are the same as those in Refs. [17, 20, 22]. One thing different is the ǫijk. This symbol in Ref.
[22] is in the isovector space and it absorbs a minus sign in C transformations (Eq. (31) of Ref. [22]). But now ǫabc
and ǫab are the Levi-Civita tensors in the three (two)-flavour space. They do not need to absorb an extra minus sign.
TABLE I. Chiral dimension (Dim), parity (P ), charge conjugation (C), and Hermiticity (h.c.) of the building blocks with the
external sources.
Dim P C h.c.
u b,µa 1 −u
b
a µ u
a,µ
b u
b,µ
a
h b,µνa 2 −h
b
a µν h
a,µν
b h
b,µν
a
χ b±,a 2 ±χ
b
±,a χ
a
±,b ±χ
b
±,a
χ±,s 2 ±χ±,s χ±,s ±χ±,s
f b,µν±,a 2 ±f
b
±,a µν ∓f
a,µν
±,b f
b,µν
±,a
f µν+,s 2 f+,s,µν −f
µν
+,s f
µν
+,s
TABLE II. Chiral dimension (Dim), parity (P ), charge conjugation (C), and Hermiticity (h.c.) of the Clifford algebra elements,
the Levi-Civita tensors, and the covariant derivatives. The subscript ‘TT’ (‘BT’) denotes the meson-decuplet-decuplet (meson-
octet-decuplet) interactions in the three flavours (π∆∆ (πN∆) interactions in the two-flavour case). Ψ denotes any baryon
field, decuplet baryon, ∆, octet baryon, or nucleon. ǫabc (ǫab) is the Levi-Civita tensor in three (two)-flavour space. The
meaning of the plus or minus sign is explained in the text.
Dim PTT CTT h.c.TT PBT CBT h.c.BT
1 0 + + + − + +
γ5 1 − + − + + −
γµ 0 + − + − − +
γ5γ
µ 0 − + + + + +
σµν 0 + − + − − +
ǫµνλρ 0 − + + − + +
ǫabc 0 + + + + + +
ǫab 0 + + + + + +
DµΨ 0 + − − + + +
B. Linear relations
Some linear relations exist in reducing the chiral-invariant terms to a minimal set. The relations coming from
partial integration, EOM, covariant derivatives, and Bianchi identity are the same as those in Ref. [22]. The relations
coming from the Cayley-Hamilton relation are the same as those in Ref. [6]. We will not discuss them any more and
we only focus on the different and new relations in the following parts.
1. Schouten identity
The Schouten identity in the Lorentz space is the same as that in Ref. [22], but some differences exist in the flavour
space. For the Levi-Civita tensor ǫabc (ǫab) in the three (two)-flavour space, the Schouten identities for any operator
7A are
0 = ǫabcAd − ǫdbcAa − ǫadcAb − ǫabdAc,
0 = ǫabAc − ǫcbAa − ǫacAb.
(32)
There are two types of indices in A (row or column). Eq. (32) works only for the case that the indices in the
Levi-Civita tensor and the indices in A are the same type.
2. Fierz transformations
The basic Fierz transformation for the Pauli matrices is
τ iabτ
i
cd = 2δadδcb − δabδcd. (33)
With this equation, for any two 2× 2 building blocks Xab and Yab in Table I, one may obtain [59]
X da Y
e
b =
1
2
(Y ea X
d
b +X
e
a Y
d
b +X
f
c Y
c
f δ
e
a δ
d
b −X fc Y cf δ da δ eb +X ca Y ec δ db − δ ea X cb Y dc ). (34)
The basic Fierz transformation for the Gall-Mann matrices is
λiacλ
i
bd = 2δadδcb −
2
3
δacδbd. (35)
With the relation in Ref. [60] and the properties of the structure constants of SU(3), one finds that the following
relation exists for any two 3× 3 building blocks Xab and Yab in Table I,
0 = X ba Y
d
c −X da Y bc −X bc Y da +X dc Y ba +X ea Y be δ dc −X ea Y de δ bc −X ec Y be δ da +X ec Y de δ ba
+ δ ba Y
e
c X
d
e − δ da Y ec X be − δ bc Y ea X de + δ dc Y ea X be −X fe Y ef δ ba δ dc +X fe Y ef δ da δ bc . (36)
3. Contact terms
The method to construct contact terms is the same as that in Ref. [22]. In the two (three)-flavour case, the total
number of the contact terms is six (five) and we list them in the end of Table V. The last term in Table V is at the
O(p6) order in the SU(3) case.
C. Relations between the original chiral Lagrangians with ∆ and the new ones
In Ref. [22], we have obtained the chiral Lagrangians with ∆ to one loop. There, the ∆ fields are represented by an
isovector-isospinor RS field ψµi (i = 1, 2, 3). Now, we use a totally symmetrical tensor T
µ
abc (a, b, c = 1, 2) to represent
them. The difference lies only in the flavour representations. By some calculations, one gets the following relations
between these two formalisms of interaction terms,
T¯ abcOTabc = ψ¯iOψi, (37)
T¯ abeO fe Tabf = ψ¯iOjτjψi, (38)
T¯ abcX eb Y
f
c Taef = ψ¯iXjYjψi − ψ¯iXiYjψj − ψ¯iXjYiψj , (39)
T¯ abcX da Y
e
b Z
f
c Tdef =
1
6
ψ¯iXlYjτjZlψi − 1
3
ψ¯iXiYkτkZjψj + P (X,Y, Z), (40)
ǫabψ¯cO fa Tbcf =
√
2ψ¯Oiψi, (41)
ǫabψ¯cX ea Y
f
c Tebf =
√
2ψ¯XiYjτjψi, (42)
ǫabψ¯cX ea Y
f
b Tefc =
√
2iǫijkψ¯XiYjψk, (43)
ǫabψ¯cX da Y
e
b Z
f
c Tdef =
√
2iǫijkψ¯XiYjZlτlψk, (44)
where P (X,Y, Z) means all permutations for the symbols X , Y , and Z. O, Oi, Xi, Yi and Zi are building blocks in
Ref. [22] or their products. The definitions of the symbols in the right-hand side can be found in Ref. [22].
8Alternatively, we may transform the original formalism to the new one. To do that, we define transition isospin Ij
through ψj = Ijφ with φ = (∆
++,∆+,∆0,∆−)T . Similarly, we define Tabc = W iabcφ
i. The matrix forms of Ij and
the values of W iabc are easy to obtain from the definitions. We have two relations in connecting the original π∆∆
Lagrangians with the new ones,
(I†i Ij)x
y
=
1
2
[W abcx (τiτj)a
d
W ybcd −W abcx (τi)ad(τj)beW ycde], (45)
(I†i τlIj)x
y
=
1
2
[W abcx (τiτj)a
d
(τl)b
e
W ycde −W abcx (τi)ad(τj)be(τl)cfW ydef ]. (46)
For the special case j = i, one has
(I†i Ii)x
y
=W abcx W
y
abc, (47)
(I†i τlIi)x
y
=W abcx (τl)a
d
W ybcd. (48)
To connect the original πN∆ Lagrangians with the new ones, we may use
(Ii)x
y
=
1√
2
ǫ3ab(τi)a
c
W yxbc, (49)
(τiIj)x
y
=
1√
2
ǫ3ab(τi)x
c
(τj)a
d
W ybcd. (50)
Note (τiIj)x
y 6= 1√
2
ǫ3ab(τi)a
c
(τj)x
d
W ybcd. Substituting these six equations into the right-hand sides of Eqs. (37)-(44),
one may prove the equivalence of the two sets of relations by using the formula ǫ3ab(τiτj)a
cW yxbc = ǫ
3ab(τi)a
c(τj)b
dW yxcd.
V. RESULTS AND DISCUSSIONS
Following the same steps from Sec. IV C to Sec. IV E in Ref. [22], we obtain the chiral Lagrangians with decuplet
baryons up to the order O(p4) and list them below.
A. O(p1) order
In the three-flavour case, the lowest order meson-decuplet-decuplet chiral Lagrangian is
L
(1)
MTT = · · ·+ C(1)1 T¯ abcµuadνγ5γνTbcdµ, (51)
where C
(1)
1 is the low-energy constant at this order and the ellipsis represents the terms coming from the first part in
Eq. (22). The lowest order meson-octet-decuplet chiral Lagrangian reads
L
(1)
MBT = D
(1)
1 ǫ
abcB¯a
d
ub
eµTcdeµ +H.c.. (52)
In the two-flavour case, the lowest order π∆∆ chiral Lagrangian has the same form as Eq. (51),
L
(1)
pi∆∆ = · · ·+ e(1)1 T¯ abcµuadνγ5γνTbcdµ. (53)
The difference lies only in the allowed numbers for the indices a, b, c, and d. Similarly, the lowest order πN∆ chiral
Lagrangian can be written as
L
(1)
piN∆ = f
(1)
1 (ǫ
abψ¯cua
dµTA,n,bcdµ +H.c.). (54)
We have confirmed the previous results in Ref. [22] with the newly constructed Lagrangians. With the relations in
the last section, we get the relations between these two kinds of LECs,
e
(1)
1 = c
(1)
1 =
1
2
g1, f
(1)
1 =
1√
2
gpiN∆ (55)
9B. O(p2) order
The O(p2) order meson-decuplet-decuplet chiral Lagrangian has the form
L
(2)
MTT =
13∑
n=1
C(2)n O
(3,2)
n , (56)
where the operators O
(Nf=3,2)
n are listed in Table III. The meson-octet-decuplet chiral Lagrangian at this order is
L
(2)
MBT =D
(2)
1 (ǫ
abcB¯a
d
ub
eµuc
fνγ5γµTA,n,defν +H.c.) +D
(2)
2 (ǫ
abcB¯a
d
ub
eµud
fνγ5γµTA,n,cefν +H.c.)
+D
(2)
3 (ǫ
abcB¯a
d
ub
eµue
fνγ5γµTA,n,cdfν +H.c.) +D
(2)
4 (ǫ
abcB¯a
d
ub
eµue
fνγ5γνTA,n,cdfµ +H.c.)
+D
(2)
5 (iǫ
abcB¯a
d
f+b
eµνγ5γµTA,n,cdeν +H.c.). (57)
This result is consistent with that in Ref. [34].
TABLE III. The order O(p2) meson-decuplet-decuplet (π∆∆) chiral Lagrangians, and the relations between π∆∆ LECs here
and those in Ref. [22].
O
(nf ,2)
n SU(2) SU(3) e
(2)
n
T¯ abcµua
d
µub
eνTcdeν 1 1 −c
(2)
1 /2− c
(2)
2 /2
T¯ abcµua
dνub
e
νTcdeµ 2 2 −c
(2)
3 /2
T¯ abcµua
d
µud
eνTbceν 3 3 c
(2)
1 /2 + c
(2)
4 /2
T¯ abcµua
dνud
e
µTbceν 4 4 c
(2)
2 /2 + c
(2)
4 /2
T¯ abcµua
dνud
e
νTbceµ 5 5 c
(2)
3 /2 + c
(2)
5
T¯ abcµudeµued
νTabcν 6
T¯ abcµudeνuedνTabcµ 7
T¯ abcµua
dνub
eλDνλTcdeµ 6 8 −c
(2)
6 /2
T¯ abcµua
dνud
eλDνλTbceµ 7 9 c
(2)
6 /2 + c
(2)
7
T¯ abcµudeνued
λDνλTabcµ 10
iT¯ abcµfs,+µ
νTabcν 8 c
(2)
8
iT¯ abcµf+a
d
µ
ν
Tbcdν 9 11 c
(2)
9
T¯ abcµχ+,sTabcµ 10 12 c
(2)
10
T¯ abcµχ+a
dTbcdµ 11 13 c
(2)
11
The new form of the π∆∆ chiral Lagrangian at the O(p2) order is
L
(2)
pi∆∆ =
11∑
n=1
e(2)n O
(2,2)
n , (58)
where the operators O
(Nf=2,2)
n can also be found in Table III. The new form πN∆ chiral Lagrangian reads
L
(2)
piN∆ =f
(2)
1 (ǫ
abψ¯cua
dµub
eνγ5γµTA,n,cdeν +H.c.) + f
(2)
2 (ǫ
abψ¯cua
dµuc
eνγ5γµTA,n,bdeν +H.c.)
+ f
(2)
3 (iǫ
abψ¯cf+a
dµνγ5γµTA,n,bcdν +H.c.). (59)
This result is consistent with the Lagrangian in Ref. [22]. We present the relations between these two kinds of π∆∆
LECs in the last column of Table III. The obtained relations for the πN∆ LECs are
f
(2)
1 = −
1√
2
d
(2)
1 , (60)
f
(2)
2 =
1√
2
d
(2)
1 +
1√
2
d
(2)
2 , (61)
f
(2)
3 =
1√
2
d
(2)
3 . (62)
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C. O(p3) and O(p4) orders
We define the O(p3) and O(p4) chiral Lagrangians as
L
(m)
MTT =
∑
n
C(m)n O
(3,m)
n , (63)
L
(m)
MBT =
∑
n
D(m)n (P
(3,m)
n +H.c.), (64)
L
(m)
pi∆∆ =
∑
n
e(m)n O
(2,m)
n , (65)
L
(m)
piN∆ =
∑
n
f (m)n (P
(2,m)
n +H.c.), (66)
where m = 3 or 4 denotes the chiral dimension, C
(m)
n , D
(m)
n , e
(m)
n , and f
(m)
n are the LECs, and O
(Nf ,m)
n and P
(Nf ,m)
n
are the independent chiral-invariant terms in the Nf -flavour case. The results are listed in Appendix A. At the O(p3)
order, the meson-decuplet-decuplet (π∆∆) Lagrangians are presented in Table IV. There are 55 (38) independent
terms in the SU(3) (SU(2)) case. The meson-octet-decuplet (πN∆) Lagrangians are given in Table VI. There are
67 (33) independent terms in the SU(3) (SU(2)) case. At the O(p4) order, the meson-decuplet-decuplet (π∆∆)
Lagrangians are presented in Table V. There are 548 (318) independent terms in the SU(3) (SU(2)) case. The meson-
octet-decuplet (πN∆) Lagrangians are listed in Table VII. There are 611 (218) independent terms in the SU(3)
(SU(2)) case. Note that the zn parameters should be different for the meson-octet-decuplet and πN∆ Lagrangians
at the different orders, but we do not distinguish them explicitly in the results.
To merge the meson-octet-decuplet and the πN∆ results, similar to those for the meson-decuplet-decuplet and
π∆∆, we write them in a unified form. We have changed the SU(2) results with ǫabψ¯c → ǫdabB¯dc by setting d = 3
but a, b, c = 1, 2 as before. Now, one can get the SU(2) results from corresponding terms in Table VI and Table VII
with
ǫabcB¯a
d · · · Nf=2−−−−→ ǫbcψ¯d · · · . (67)
Because the number of LECs in O(p3) and O(p4) Lagrangians is large and only several LECs will be involved in
a study, we here do not give the LEC relations between the new and original results at high orders. Each form of
Lagrangians can be chosen to study low-energy processes. One may use relations in Sec. IVC to determine LECs
from another form terms, if necessary.
From the results, one can see that not only the total number of terms but also the number in each type of external
sources in the chiral Lagrangians with ∆ are the same as those in Ref. [22]. The equality in number is a strict
condition for consistency of Lagrangians in different forms. The violation of this condition means that the number of
terms in either or both forms is not minimal. This check confirms our previous results.
VI. SUMMARY
In this paper, we construct the relativistic chiral Lagrangians with decuplet baryons and give a new form of the
chiral Lagrangians with ∆(1232) to one loop. These chiral Lagrangians are for the meson-decuplet-decuplet, meson-
octet-decuplet, π∆∆, and πN∆ interactions. The correspondence between the π∆∆ and πN∆ chiral Lagrangians in
Ref. [22] and those in the present form can be obtained with the relations we get in Sec. IVC.
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Appendix A: Independent terms in O(p3) and O(p4) chiral Lagrangians with decuplet baryons
TABLE IV: Terms in the O(p3) meson-decuplet-decuplet and π∆∆ chi-
ral Lagrangians, where O
(Nf ,3)
n is defined in Eqs. (63) and (65).
O
(Nf ,3)
n SU(2) SU(3) O
(Nf ,3)
n SU(2) SU(3)
T¯ abcµua
d
µub
eνuc
fλγ5γνTdefλ 1 1 T¯
abcµua
dνf−d
e
µ
λDνTbceλ +H.c. 15 30
T¯ abcµua
d
µub
eνud
fλγ5γνTcefλ 2 2 T¯
abcµua
dνf−d
e
µ
λDλTbceν +H.c. 16 31
T¯ abcµua
d
µub
eνud
fλγ5γλTcefν +H.c. 3 3 T¯
abcµua
dνf−d
e
ν
λDλTbceµ +H.c. 17 32
T¯ abcµua
d
µub
eνue
fλγ5γλTcdfν +H.c. 4 4 T¯
abcµudeµf−ed
νλDνTabcλ +H.c. 33
T¯ abcµua
dνub
e
νuc
fλγ5γλTdefµ 5 5 T¯
abcµudeνf−edµ
λDνTabcλ 34
T¯ abcµua
d
µud
eνue
fλγ5γνTbcfλ 6 T¯
abcµua
d
µhd
eνλDνTbceλ +H.c. 18 35
T¯ abcµua
dνub
e
νud
fλγ5γλTcefµ +H.c. 6 7 T¯
abcµua
dνhd
e
ν
λDλTbceµ +H.c. 19 36
T¯ abcµua
dνub
eλud
f
µγ5γλTcefν 7 8 T¯
abcµua
dνhd
eλρDνλρTbceµ +H.c. 20 37
T¯ abcµua
d
µud
eνue
fλγ5γλTbcfν +H.c. 9 T¯
abcµ∇νf−a
d
ν
λ
γ5γλTbcdµ 21 38
T¯ abcµua
dνub
eλud
f
νγ5γλTcefµ 8 10 iT¯
abcµf+a
d
µ
ν
ub
eλγ5γνTcdeλ +H.c. 22 39
T¯ abcµua
d
µu
efνufe
λγ5γνTbcdλ +H.c. 11 iT¯
abcµf+a
d
µ
ν
ub
eλγ5γλTcdeν 23 40
T¯ abcµua
dνud
e
µue
fλγ5γλTbcfν +H.c. 12 iT¯
abcµf+a
d
µ
ν
ud
eλγ5γνTbceλ +H.c. 24 41
T¯ abcµua
dνud
e
νue
fλγ5γλTbcfµ +H.c. 13 iT¯
abcµf+a
d
µ
ν
ud
eλγ5γλTbceν +H.c. 25 42
T¯ abcµua
dνud
eλue
f
µγ5γλTbcfν 14 iT¯
abcµf+a
dνλud
e
µγ5γνTbceλ +H.c. 26 43
T¯ abcµua
dνud
eλue
f
νγ5γλTbcfµ 15 iT¯
abcµf+a
dνλud
e
νγ5γλTbceµ +H.c. 27 44
T¯ abcµua
dνuef µufe
λγ5γνTbcdλ 16 iT¯
abcµf+
de
µ
ν
ued
λγ5γνTabcλ +H.c. 45
T¯ abcµua
dνuef νufe
λγ5γλTbcdµ 17 iT¯
abcµf+
de
µ
ν
ued
λγ5γλTabcν 46
T¯ abcµua
dνuefλufeλγ5γνTbcdµ 18 iT¯
abcµf+a
dνλud
eργ5γνDλρTbceµ +H.c. 28 47
T¯ abcµudeµue
fνufd
λγ5γνTabcλ 19 iT¯
abcµfs,+µ
νua
dλγ5γνTbcdλ +H.c. 29
T¯ abcµua
dνub
eλuc
fργ5γνDλρTdefµ 9 20 iT¯
abcµfs,+µ
νua
dλγ5γλTbcdν 30
T¯ abcµua
dνub
eλud
fργ5γνDλρTcefµ +H.c. 10 21 iT¯
abcµ∇νf+a
d
ν
λ
DλTbcdµ 31 48
T¯ abcµua
dνub
eλud
fργ5γλDνρTcefµ 11 22 iT¯
abcµ∇νfs,+ν
λDλTabcµ 32
T¯ abcµua
dνud
eλue
fργ5γνDλρTbcfµ +H.c. 23 T¯
abcµua
dνχ+b
eγ5γνTcdeµ 33 49
T¯ abcµua
dνud
eλue
fργ5γλDνρTbcfµ 24 T¯
abcµua
dνχ+d
eγ5γνTbceµ +H.c. 34 50
T¯ abcµua
dνuefλufe
ργ5γνDλρTbcdµ 25 T¯
abcµudeνχ+edγ5γνTabcµ 51
T¯ abcµua
dνuefλufe
ργ5γλDνρTbcdµ 26 T¯
abcµua
dνχ+,sγ5γνTbcdµ 35 52
T¯ abcµua
d
µf−b
eνλDνTcdeλ +H.c. 12 27 iT¯
abcµua
dνχ−d
eDνTbceµ +H.c. 36 53
T¯ abcµua
dνf−b
e
µ
λDνTcdeλ 13 28 iT¯
abcµ∇νχ−a
dγ5γνTbcdµ 37 54
T¯ abcµua
d
µf−d
eνλDνTbceλ +H.c. 14 29 iT¯
abcµ∇νχ−,sγ5γνTabcµ 38 55
TABLE V: Terms in the O(p4) meson-decuplet-decuplet and π∆∆ chiral
Lagrangians, where O
(Nf ,4)
n is defined in Eqs. (63) and (65).
O
(Nf ,4)
n SU(2) SU(3) O
(Nf ,4)
n SU(2) SU(3)
T¯ abcµua
d
µub
eνuc
f
νud
gλTefgλ 1 1 T¯
abcµhdeνλhed
ρσDνλρσTabcµ 299
T¯ abcµua
d
µub
eνuc
f
νue
gλTdfgλ +H.c. 2 2 iT¯
abcµha
d
µ
ν
hd
eλρσνλTbceρ 122 300
T¯ abcµua
d
µub
eνuc
fλue
g
νTdfgλ 3 3 T¯
abcµua
d
µ∇
νf−b
e
ν
λTcdeλ +H.c. 123 301
T¯ abcµua
d
µub
eνuc
fλue
g
λTdfgν +H.c. 4 4 T¯
abcµua
dν∇λf−b
e
νλTcdeµ 124 302
T¯ abcµua
d
µub
eνud
f
νue
gλTcfgλ 5 5 T¯
abcµua
d
µ∇
νf−d
e
ν
λTbceλ +H.c. 125 303
T¯ abcµua
d
µub
eνud
fλue
g
νTcfgλ 6 T¯
abcµua
dν∇λf−d
e
µλTbceν +H.c. 126 304
T¯ abcµua
d
µub
eνud
f
νuf
gλTcegλ 7 T¯
abcµua
dν∇λf−d
e
νλTbceµ +H.c. 127 305
T¯ abcµua
d
µub
eνud
fλue
g
λTcfgν +H.c. 6 8 T¯
abcµudeµ∇
νf−edν
λTabcλ +H.c. 306
T¯ abcµua
d
µub
eνud
fλuf
g
νTcegλ +H.c. 9 T¯
abcµudeν∇λf−edνλTabcµ 307
T¯ abcµua
d
µub
eνue
f
νuf
gλTcdgλ +H.c. 10 T¯
abcµua
dν∇λf−b
e
λ
ρDνρTcdeµ 128 308
T¯ abcµua
d
µub
eνue
fλuf
g
νTcdgλ +H.c. 11 T¯
abcµua
dν∇λf−d
e
λ
ρDνρTbceµ +H.c. 129 309
T¯ abcµua
d
µub
eνue
fλuf
g
λTcdgν +H.c. 12 T¯
abcµudeν∇λf−edλ
ρDνρTabcµ 310
T¯ abcµua
d
µub
eνufgνugf
λTcdeλ +H.c. 13 iT¯
abcµf+a
d
µ
ν
ub
e
νuc
fλTdefλ +H.c. 130 311
T¯ abcµua
dνub
e
νuc
fλuf
g
µTdegλ 7 14 iT¯
abcµf+a
d
µ
ν
ub
e
νud
fλTcefλ +H.c. 131 312
T¯ abcµua
d
µub
eνufgλugfλTcdeν 15 iT¯
abcµf+a
d
µ
ν
ub
e
νue
fλTcdfλ +H.c. 132 313
T¯ abcµua
dνub
e
νuc
fλud
g
λTefgµ 8 16 iT¯
abcµf+a
d
µ
ν
ub
eλuc
f
λTdefν 133 314
T¯ abcµua
dνub
e
νuc
fλuf
g
λTdegµ 9 17 iT¯
abcµf+a
d
µ
ν
ub
eλud
f
νTcefλ +H.c. 134 315
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O
(Nf ,4)
n SU(2) SU(3) O
(Nf ,4)
n SU(2) SU(3)
T¯ abcµua
dνub
e
νud
fλuf
g
µTcegλ +H.c. 18 iT¯
abcµf+a
d
µ
ν
ub
eλud
f
λTcefν +H.c. 135 316
T¯ abcµua
d
µud
eνue
f
νuf
gλTbcgλ 19 iT¯
abcµf+a
d
µ
ν
ub
eλue
f
νTcdfλ +H.c. 136 317
T¯ abcµua
dνub
e
νud
fλue
g
λTcfgµ 10 20 iT¯
abcµf+a
d
µ
ν
ub
eλue
f
λTcdfν 137 318
T¯ abcµua
dνub
eλud
f
µue
g
νTcfgλ 11 21 iT¯
abcµf+a
d
µ
ν
ud
e
νue
fλTbcfλ +H.c. 319
T¯ abcµua
dνub
e
νud
fλuf
g
λTcegµ +H.c. 22 iT¯
abcµf+a
dνλub
e
µud
f
νTcefλ +H.c. 138 320
T¯ abcµua
d
µud
eνue
fλuf
g
νTbcgλ +H.c. 23 iT¯
abcµf+a
d
µ
ν
ud
eλue
f
νTbcfλ +H.c. 321
T¯ abcµua
dνub
eλud
f
µue
g
λTcfgν 24 iT¯
abcµf+a
d
µ
ν
ud
eλue
f
λTbcfν +H.c. 322
T¯ abcµua
d
µud
eνue
fλuf
g
λTbcgν +H.c. 25 iT¯
abcµf+a
dνλub
e
νud
f
µTcefλ +H.c. 139 323
T¯ abcµua
dνub
e
νu
fg
µugf
λTcdeλ 26 iT¯
abcµf+a
dνλub
e
νud
f
λTcefµ +H.c. 140 324
T¯ abcµua
dνub
eλud
f
νue
g
λTcfgµ 12 27 iT¯
abcµf+a
d
µ
ν
uef νufe
λTbcdλ +H.c. 325
T¯ abcµua
dνub
eλud
f
λue
g
νTcfgµ 28 iT¯
abcµf+a
dνλub
e
νue
f
λTcdfµ 141 326
T¯ abcµua
dνub
eλud
f
λuf
g
µTcegν 29 iT¯
abcµf+a
dνλud
e
µue
f
νTbcfλ +H.c. 327
T¯ abcµua
dνub
eλud
f
λuf
g
νTcegµ 30 iT¯
abcµf+a
d
µ
ν
uefλufeλTbcdν 328
T¯ abcµua
dνub
e
νu
fgλugfλTcdeµ 31 iT¯
abcµf+a
dνλud
e
νue
f
µTbcfλ +H.c. 329
T¯ abcµua
dνud
e
µue
fλuf
g
νTbcgλ 32 iT¯
abcµf+a
dνλud
e
νue
f
λTbcfµ +H.c. 330
T¯ abcµua
dνud
e
µue
fλuf
g
λTbcgν +H.c. 33 iT¯
abcµf+
de
µ
ν
uadνue
fλTbcfλ +H.c. 331
T¯ abcµua
dνud
e
µu
fg
νugf
λTbceλ +H.c. 34 iT¯
abcµf+
de
µ
ν
uad
λue
f
νTbcfλ +H.c. 332
T¯ abcµua
dνub
eλufgνugfλTcdeµ 35 iT¯
abcµf+
de
µ
ν
uad
λue
f
λTbcfν 333
T¯ abcµua
dνud
e
νu
fg
µugf
λTbceλ 36 iT¯
abcµf+
de
µ
ν
ua
f
νued
λTbcfλ +H.c. 334
T¯ abcµua
dνud
e
µu
fgλugfλTbceν 37 iT¯
abcµf+
de
µ
ν
ua
fλuedνTbcfλ +H.c. 335
T¯ abcµua
dνud
e
νue
fλuf
g
λTbcgµ 38 iT¯
abcµf+
de
µ
ν
ua
fλuedλTbcfν 336
T¯ abcµua
dνud
eλue
f
νuf
g
λTbcgµ 39 iT¯
abcµf+
deνλuadνue
f
λTbcfµ 337
T¯ abcµua
dνud
e
νu
fgλugfλTbceµ 40 iT¯
abcµf+
de
µ
ν
ue
f
νufd
λTabcλ +H.c. 338
T¯ abcµua
dνuef µuf
g
νuge
λTbcdλ 41 iT¯
abcµf+
deνλue
f
νufdλTabcµ 339
T¯ abcµudeµued
νufgνugf
λTabcλ 42 iT¯
abcµf+a
d
µ
ν
ub
eλuc
fρDνλTdefρ +H.c. 142 340
T¯ abcµudeµued
νufgλugfλTabcν 43 iT¯
abcµf+a
d
µ
ν
ub
eλuc
fρDλρTdefν 143 341
T¯ abcµudeνuedνu
fgλugfλTabcµ 44 iT¯
abcµf+a
d
µ
ν
ub
eλud
fρDνλTcefρ +H.c. 144 342
T¯ abcµudeνued
λufgνugfλTabcµ 45 iT¯
abcµf+a
d
µ
ν
ub
eλud
fρDνρTcefλ +H.c. 145 343
T¯ abcµua
d
µub
eνuc
fλud
gρDνλTefgρ 13 46 iT¯
abcµf+a
d
µ
ν
ub
eλud
fρDλρTcefν +H.c. 146 344
T¯ abcµua
d
µub
eνuc
fλud
gρDνρTefgλ +H.c. 14 47 iT¯
abcµf+a
d
µ
ν
ub
eλue
fρDνλTcdfρ +H.c. 147 345
T¯ abcµua
d
µub
eνuc
fλue
gρDνρTdfgλ 15 48 iT¯
abcµf+a
d
µ
ν
ub
eλue
fρDνρTcdfλ +H.c. 148 346
T¯ abcµua
d
µub
eνuc
fλue
gρDλρTdfgν +H.c. 16 49 iT¯
abcµf+a
d
µ
ν
ub
eλue
fρDλρTcdfν 149 347
T¯ abcµua
d
µub
eνud
fλue
gρDνλTcfgρ 17 50 iT¯
abcµf+a
d
µ
ν
ud
eλue
fρDνλTbcfρ +H.c. 348
T¯ abcµua
d
µub
eνud
fλue
gρDνρTcfgλ 51 iT¯
abcµf+a
d
µ
ν
ud
eλue
fρDνρTbcfλ +H.c. 349
T¯ abcµua
d
µub
eνud
fλue
gρDλρTcfgν +H.c. 18 52 iT¯
abcµf+a
d
µ
ν
ud
eλue
fρDλρTbcfν +H.c. 350
T¯ abcµua
d
µub
eνud
fλuf
gρDνλTcegρ 53 iT¯
abcµf+a
dνλub
e
µud
fρDνρTcefλ +H.c. 150 351
T¯ abcµua
d
µub
eνud
fλuf
gρDνρTcegλ +H.c. 54 iT¯
abcµf+a
dνλub
e
νud
fρDλρTcefµ +H.c. 151 352
T¯ abcµua
d
µub
eνud
fλuf
gρDλρTcegν +H.c. 55 iT¯
abcµf+a
dνλub
e
νue
fρDλρTcdfµ +H.c. 152 353
T¯ abcµua
d
µub
eνue
fλuf
gρDνρTcdgλ +H.c. 56 iT¯
abcµf+a
dνλub
eρud
f
µDνρTcefλ +H.c. 153 354
T¯ abcµua
d
µub
eνue
fλuf
gρDλρTcdgν +H.c. 57 iT¯
abcµf+a
d
µ
ν
uefλufe
ρDνλTbcdρ +H.c. 355
T¯ abcµua
d
µub
eνufgλugf
ρDνλTcdeρ +H.c. 58 iT¯
abcµf+a
d
µ
ν
uefλufe
ρDλρTbcdν 356
T¯ abcµua
d
µub
eνufgλugf
ρDλρTcdeν 59 iT¯
abcµf+a
dνλub
eρud
f
νDλρTcefµ +H.c. 154 357
T¯ abcµua
dνub
e
νuc
fλud
gρDλρTefgµ +H.c. 19 60 iT¯
abcµf+a
dνλud
e
µue
fρDνρTbcfλ +H.c. 358
T¯ abcµua
dνub
e
νuc
fλuf
gρDλρTdegµ 20 61 iT¯
abcµf+a
dνλud
e
νue
fρDλρTbcfµ +H.c. 359
T¯ abcµua
d
µud
eνue
fλuf
gρDνλTbcgρ 62 iT¯
abcµf+a
dνλud
eρue
f
µDνρTbcfλ +H.c. 360
T¯ abcµua
d
µud
eνue
fλuf
gρDνρTbcgλ +H.c. 63 iT¯
abcµf+a
dνλud
eρue
f
νDλρTbcfµ +H.c. 361
T¯ abcµua
d
µud
eνue
fλuf
gρDλρTbcgν +H.c. 64 iT¯
abcµf+
de
µ
ν
uad
λue
fρDνλTbcfρ +H.c. 362
T¯ abcµua
dνub
e
νud
fλue
gρDλρTcfgµ +H.c. 21 65 iT¯
abcµf+
de
µ
ν
uad
λue
fρDνρTbcfλ +H.c. 363
T¯ abcµua
dνub
e
νud
fλuf
gρDλρTcegµ +H.c. 66 iT¯
abcµf+
de
µ
ν
uad
λue
fρDλρTbcfν 364
T¯ abcµua
dνub
eλud
f
µue
gρDνρTcfgλ 22 67 iT¯
abcµf+
de
µ
ν
ua
fλued
ρDνλTbcfρ +H.c. 365
T¯ abcµua
dνub
eλud
f
µue
gρDλρTcfgν 23 68 iT¯
abcµf+
de
µ
ν
ua
fλued
ρDνρTbcfλ +H.c. 366
T¯ abcµua
dνub
eλud
f
µuf
gρDλρTcegν +H.c. 69 iT¯
abcµf+
de
µ
ν
ua
fλued
ρDλρTbcfν 367
T¯ abcµua
dνub
eλuc
fρud
g
µDλρTefgν 70 iT¯
abcµf+
deνλuadνue
fρDλρTbcfµ +H.c. 368
T¯ abcµua
dνub
eλuc
fρud
g
νDλρTefgµ 24 71 iT¯
abcµf+
de
µ
ν
ue
fλufd
ρDνλTabcρ +H.c. 369
T¯ abcµua
dνub
eλud
f
νue
gρDλρTcfgµ 25 72 iT¯
abcµf+
deνλue
f
νufd
ρDλρTabcµ +H.c. 370
T¯ abcµua
dνub
eλud
f
νuf
gρDλρTcegµ +H.c. 73 T¯
abcµf+a
d
µ
ν
ub
eλuc
fρσνλTdefρ +H.c. 155 371
T¯ abcµua
dνub
eλud
f
λue
gρDνρTcfgµ 74 T¯
abcµf+a
d
µ
ν
ub
eλud
fρσνλTcefρ +H.c. 156 372
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T¯ abcµua
dνub
e
νu
fgλugf
ρDλρTcdeµ 75 T¯
abcµf+a
d
µ
ν
ub
eλud
fρσνρTcefλ +H.c. 157 373
T¯ abcµua
dνub
eλud
f
λuf
gρDνρTcegµ 76 T¯
abcµf+a
d
µ
ν
ub
eλue
fρσνλTcdfρ +H.c. 158 374
T¯ abcµua
dνub
eλud
fρuf
g
µDλρTcegν 77 T¯
abcµf+a
d
µ
ν
ub
eλue
fρσνρTcdfλ +H.c. 159 375
T¯ abcµua
dνub
eλud
fρuf
g
νDλρTcegµ 78 iT¯
abcµfs,+µ
νua
d
νub
eλTcdeλ +H.c. 160
T¯ abcµua
dνud
e
µue
fλuf
gρDνρTbcgλ 79 iT¯
abcµfs,+µ
νua
dλub
e
λTcdeν 161
T¯ abcµua
dνud
e
µue
fλuf
gρDλρTbcgν +H.c. 80 iT¯
abcµfs,+µ
νua
d
νud
eλTbceλ +H.c. 162
T¯ abcµua
dνub
eλufgµugf
ρDνλTcdeρ 81 iT¯
abcµfs,+µ
νua
dλud
e
νTbceλ +H.c. 163
T¯ abcµua
dνub
eλufgνugf
ρDλρTcdeµ 82 iT¯
abcµfs,+µ
νua
dλud
e
λTbceν 164
T¯ abcµua
dνud
e
µu
fgλugf
ρDνλTbceρ +H.c. 83 iT¯
abcµfs,+
νλua
d
νud
e
λTbceµ 165
T¯ abcµua
dνud
e
µu
fgλugf
ρDλρTbceν 84 iT¯
abcµfs,+µ
νua
dλub
eρDνλTcdeρ +H.c. 166
T¯ abcµua
dνud
e
νue
fλuf
gρDλρTbcgµ +H.c. 85 iT¯
abcµfs,+µ
νua
dλub
eρDλρTcdeν 167
T¯ abcµua
dνud
eλue
f
µuf
gρDνρTbcgλ 86 iT¯
abcµfs,+µ
νua
dλud
eρDνλTbceρ +H.c. 168
T¯ abcµua
dνub
eλufgρugfρDνλTcdeµ 87 iT¯
abcµfs,+µ
νua
dλud
eρDνρTbceλ +H.c. 169
T¯ abcµua
dνud
e
νu
fgλugf
ρDλρTbceµ 88 iT¯
abcµfs,+µ
νua
dλud
eρDλρTbceν 170
T¯ abcµua
dνud
eλue
f
νuf
gρDλρTbcgµ +H.c. 89 iT¯
abcµfs,+
νλua
d
νud
eρDλρTbceµ +H.c. 171
T¯ abcµua
dνud
eλue
f
λuf
gρDνρTbcgµ 90 T¯
abcµfs,+µ
νua
dλub
eρσνλTcdeρ +H.c. 172
T¯ abcµua
dνuef µuf
gλuge
ρDνλTbcdρ 91 T¯
abcµfs,+µ
νua
dλud
eρσνλTbceρ +H.c. 173
T¯ abcµudeµued
νufgλugf
ρDνλTabcρ 92 T¯
abcµfs,+µ
νua
dλud
eρσνρTbceλ +H.c. 174
T¯ abcµudeµued
νufgλugf
ρDλρTabcν 93 T¯
abcµf+a
d
µ
ν
ud
eλue
fρσνλTbcfρ +H.c. 376
T¯ abcµudeνuedνu
fgλugf
ρDλρTabcµ 94 T¯
abcµf+a
d
µ
ν
ud
eλue
fρσνρTbcfλ +H.c. 377
T¯ abcµudeνued
λufgνugf
ρDλρTabcµ 95 T¯
abcµf+a
d
µ
ν
uefλufe
ρσνλTbcdρ +H.c. 378
T¯ abcµua
dνub
eλuc
fρud
gσDνλρσTefgµ 26 96 T¯
abcµf+
de
µ
ν
uad
λue
fρσνλTbcfρ +H.c. 379
T¯ abcµua
dνub
eλud
fρue
gσDνλρσTcfgµ 27 97 T¯
abcµf+
de
µ
ν
uad
λue
fρσνρTbcfλ +H.c. 380
T¯ abcµua
dνub
eλud
fρuf
gσDνλρσTcegµ 98 T¯
abcµf+
de
µ
ν
ua
fλued
ρσνλTbcfρ +H.c. 381
T¯ abcµua
dνub
eλufgρugf
σDνλρσTcdeµ 99 T¯
abcµf+
de
µ
ν
ue
fλufd
ρσνλTabcρ +H.c. 382
T¯ abcµua
dνud
eλue
fρuf
gσDνλρσTbcgµ 100 iT¯
abcµf+a
d
µ
ν
f−b
eλργ5γνDλTcdeρ +H.c. 175 383
T¯ abcµudeνued
λufgρugf
σDνλρσTabcµ 101 iT¯
abcµf+a
d
µ
ν
f−b
eλργ5γλDνTcdeρ +H.c. 176 384
iT¯ abcµua
d
µub
eνuc
fλud
gρσνρTefgλ +H.c. 28 102 iT¯
abcµf+a
dνλf−b
e
ν
ργ5γλDρTcdeµ 177 385
iT¯ abcµua
d
µub
eνuc
fλue
gρσνρTdfgλ 29 103 iT¯
abcµf+a
dνλf−b
e
ν
ργ5γρDλTcdeµ 178 386
iT¯ abcµua
d
µub
eνud
fλue
gρσνλTcfgρ 30 104 iT¯
abcµf+a
d
µ
ν
f−d
eλργ5γνDλTbceρ +H.c. 179 387
iT¯ abcµua
d
µub
eνud
fλue
gρσνρTcfgλ 105 iT¯
abcµf+a
d
µ
ν
f−d
eλργ5γλDνTbceρ +H.c. 180 388
iT¯ abcµua
d
µub
eνud
fλuf
gρσνρTcegλ +H.c. 106 iT¯
abcµf+a
d
µ
ν
f−d
eλργ5γλDρTbceν +H.c. 181 389
iT¯ abcµua
d
µub
eνue
fλuf
gρσνρTcdgλ +H.c. 107 iT¯
abcµf+a
dνλf−d
e
µ
ργ5γνDλTbceρ +H.c. 182 390
iT¯ abcµua
d
µub
eνufgλugf
ρσνλTcdeρ +H.c. 108 iT¯
abcµf+a
dνλf−d
e
µ
ργ5γνDρTbceλ +H.c. 183 391
iT¯ abcµua
dνub
eλud
f
µue
gρσνρTcfgλ 31 109 iT¯
abcµf+a
dνλf−d
e
µ
ργ5γρDνTbceλ +H.c. 184 392
iT¯ abcµua
d
µud
eνue
fλuf
gρσνλTbcgρ 110 iT¯
abcµf+a
dνλf−d
e
ν
ργ5γλDρTbceµ +H.c. 185 393
iT¯ abcµua
d
µud
eνue
fλuf
gρσνρTbcgλ +H.c. 111 iT¯
abcµf+a
dνλf−d
e
ν
ργ5γρDλTbceµ +H.c. 186 394
iT¯ abcµua
dνud
e
µue
fλuf
gρσνρTbcgλ 112 iT¯
abcµfs,+µ
νf−a
dλργ5γνDλTbcdρ +H.c. 187
iT¯ abcµua
dνud
e
µu
fgλugf
ρσνλTbceρ +H.c. 113 iT¯
abcµfs,+µ
νf−a
dλργ5γλDνTbcdρ +H.c. 188
iT¯ abcµudeµued
νufgλugf
ρσνλTabcρ 114 iT¯
abcµfs,+
νλf−a
d
ν
ρ
γ5γλDρTbcdµ 189
T¯ abcµua
d
µub
eνf−c
fλργ5γνDλTdefρ +H.c. 32 115 iT¯
abcµfs,+
νλf−a
d
ν
ρ
γ5γρDλTbcdµ 190
T¯ abcµua
d
µub
eνf−c
fλργ5γλDνTdefρ +H.c. 33 116 iT¯
abcµf+
de
µ
ν
f−ed
λργ5γνDλTabcρ +H.c. 395
T¯ abcµua
d
µub
eνf−d
fλργ5γνDλTcefρ +H.c. 34 117 iT¯
abcµf+
de
µ
ν
f−ed
λργ5γλDνTabcρ +H.c. 396
T¯ abcµua
d
µub
eνf−d
fλργ5γλDνTcefρ +H.c. 35 118 iT¯
abcµf+
deνλf−edν
ργ5γλDρTabcµ 397
T¯ abcµua
d
µub
eνf−d
fλργ5γλDρTcefν +H.c. 36 119 iT¯
abcµf+
deνλf−edν
ργ5γρDλTabcµ 398
T¯ abcµua
d
µub
eνf−e
fλργ5γνDλTcdfρ +H.c. 37 120 iT¯
abcµf+a
d
µ
ν
hb
eλργ5γνDλTcdeρ +H.c. 191 399
T¯ abcµua
d
µub
eνf−e
fλργ5γλDνTcdfρ +H.c. 38 121 iT¯
abcµf+a
d
µ
ν
hb
eλργ5γλDνTcdeρ +H.c. 192 400
T¯ abcµua
d
µub
eνf−e
fλργ5γλDρTcdfν +H.c. 39 122 iT¯
abcµf+a
dνλhb
e
µ
ργ5γνDλTcdeρ 193 401
T¯ abcµua
d
µud
eνf−b
fλργ5γνDλTcefρ +H.c. 40 123 iT¯
abcµf+a
dνλhb
e
ν
ργ5γλDρTcdeµ 194 402
T¯ abcµua
d
µud
eνf−b
fλργ5γλDνTcefρ +H.c. 41 124 iT¯
abcµf+a
dνλhb
e
ν
ργ5γρDλTcdeµ 195 403
T¯ abcµua
dνub
eλf−c
f
µ
ρ
γ5γνDλTdefρ 42 125 iT¯
abcµf+a
d
µ
ν
hd
eλργ5γνDλTbceρ +H.c. 196 404
T¯ abcµua
d
µud
eνf−e
fλργ5γνDλTbcfρ +H.c. 126 iT¯
abcµf+a
d
µ
ν
hd
eλργ5γλDνTbceρ +H.c. 197 405
T¯ abcµua
d
µud
eνf−e
fλργ5γλDνTbcfρ +H.c. 127 iT¯
abcµf+a
d
µ
ν
hd
eλργ5γλDρTbceν +H.c. 198 406
T¯ abcµua
d
µud
eνf−e
fλργ5γλDρTbcfν +H.c. 128 iT¯
abcµf+a
dνλhd
e
µ
ργ5γνDλTbceρ +H.c. 199 407
T¯ abcµua
dνub
eλf−d
f
µ
ρ
γ5γνDλTcefρ +H.c. 43 129 iT¯
abcµf+a
dνλhd
e
µ
ργ5γνDρTbceλ +H.c. 200 408
T¯ abcµua
dνub
eλf−d
f
µ
ρ
γ5γνDρTcefλ +H.c. 44 130 iT¯
abcµf+a
dνλhd
e
ν
ργ5γλDρTbceµ +H.c. 201 409
T¯ abcµua
dνud
e
µf−b
fλργ5γνDλTcefρ +H.c. 45 131 iT¯
abcµf+a
dνλhd
e
ν
ργ5γρDλTbceµ +H.c. 202 410
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T¯ abcµua
dνub
e
νf−d
fλργ5γλDρTcefµ +H.c. 46 132 iT¯
abcµf+
de
µ
ν
hed
λργ5γνDλTabcρ +H.c. 411
T¯ abcµua
d
µu
efνf−be
λργ5γλDνTcdfρ +H.c. 47 133 iT¯
abcµf+
de
µ
ν
hed
λργ5γλDνTabcρ +H.c. 412
T¯ abcµua
dνub
eλf−d
f
µ
ρ
γ5γλDνTcefρ +H.c. 48 134 iT¯
abcµf+
deνλhedµ
ργ5γνDλTabcρ 413
T¯ abcµua
dνub
eλf−d
f
µ
ρ
γ5γλDρTcefν +H.c. 49 135 iT¯
abcµf+
deνλhedν
ργ5γλDρTabcµ 414
T¯ abcµua
dνud
e
µf−b
fλργ5γλDνTcefρ +H.c. 50 136 iT¯
abcµf+
deνλhedν
ργ5γρDλTabcµ 415
T¯ abcµua
dνub
eλf−d
f
µ
ρ
γ5γρDλTcefν +H.c. 51 137 iT¯
abcµf+a
dνλhb
eρσγ5γνDλρσTcdeµ 203 416
T¯ abcµua
dνub
eλf−d
f
ν
ρ
γ5γλDρTcefµ +H.c. 52 138 iT¯
abcµf+a
dνλhd
eρσγ5γνDλρσTbceµ +H.c. 204 417
T¯ abcµua
d
µu
efνf−de
λργ5γνDλTbcfρ +H.c. 139 iT¯
abcµfs,+µ
νha
dλργ5γνDλTbcdρ +H.c. 205
T¯ abcµua
dνub
eλf−d
f
ν
ρ
γ5γρDλTcefµ +H.c. 53 140 iT¯
abcµfs,+µ
νha
dλργ5γλDνTbcdρ +H.c. 206
T¯ abcµua
dνub
eλf−d
f
λ
ρ
γ5γνDρTcefµ +H.c. 54 141 iT¯
abcµfs,+
νλha
d
µ
ρ
γ5γνDλTbcdρ 207
T¯ abcµua
d
µu
efνf−de
λργ5γλDνTbcfρ +H.c. 142 iT¯
abcµfs,+
νλha
d
ν
ρ
γ5γλDρTbcdµ 208
T¯ abcµua
dνud
eλf−b
f
µ
ρ
γ5γνDλTcefρ +H.c. 55 143 iT¯
abcµfs,+
νλha
d
ν
ρ
γ5γρDλTbcdµ 209
T¯ abcµua
dνud
e
µf−e
fλργ5γνDλTbcfρ +H.c. 144 iT¯
abcµfs,+
νλha
dρσγ5γνDλρσTbcdµ 210
T¯ abcµua
dνub
eλf−d
f
λ
ρ
γ5γρDνTcefµ +H.c. 56 145 iT¯
abcµf+
deνλhed
ρσγ5γνDλρσTabcµ 418
T¯ abcµua
d
µu
efνf−fe
λργ5γνDλTbcdρ +H.c. 146 iT¯
abcµ∇νf+a
d
ν
λ
ub
eργ5γλDρTcdeµ 211 419
T¯ abcµua
d
µu
efνf−fe
λργ5γλDνTbcdρ +H.c. 147 iT¯
abcµ∇νf+a
d
ν
λ
ub
eργ5γρDλTcdeµ 212 420
T¯ abcµua
d
µu
efνf−fe
λργ5γλDρTbcdν +H.c. 148 iT¯
abcµ∇νf+a
dλρub
e
νγ5γλDρTcdeµ 213 421
T¯ abcµua
dνud
e
µf−e
fλργ5γλDνTbcfρ +H.c. 149 iT¯
abcµ∇νf+a
d
ν
λ
ud
eργ5γλDρTbceµ +H.c. 214 422
T¯ abcµua
dνud
e
µf−e
fλργ5γλDρTbcfν +H.c. 150 iT¯
abcµ∇νf+a
d
ν
λ
ud
eργ5γρDλTbceµ +H.c. 215 423
T¯ abcµua
dνud
eλf−b
f
ν
ρ
γ5γλDρTcefµ +H.c. 57 151 iT¯
abcµ∇νf+a
dλρud
e
νγ5γλDρTbceµ +H.c. 216 424
T¯ abcµua
dνud
eλf−b
f
ν
ρ
γ5γρDλTcefµ +H.c. 58 152 iT¯
abcµ∇νfs,+ν
λua
dργ5γλDρTbcdµ 217
T¯ abcµua
dνuef µf−de
λργ5γνDλTbcfρ +H.c. 153 iT¯
abcµ∇νfs,+ν
λua
dργ5γρDλTbcdµ 218
T¯ abcµua
dνud
eλf−e
f
µ
ρ
γ5γνDλTbcfρ +H.c. 154 iT¯
abcµ∇νfs,+
λρua
d
νγ5γλDρTbcdµ 219
T¯ abcµua
dνud
eλf−e
f
µ
ρ
γ5γνDρTbcfλ +H.c. 155 iT¯
abcµ∇νf+
de
ν
λ
ued
ργ5γλDρTabcµ 425
T¯ abcµua
dνud
e
νf−e
fλργ5γλDρTbcfµ +H.c. 156 iT¯
abcµ∇νf+
de
ν
λ
ued
ργ5γρDλTabcµ 426
T¯ abcµua
dνud
eλf−e
f
µ
ρ
γ5γλDνTbcfρ +H.c. 157 iT¯
abcµ∇νf+
deλρuedνγ5γλDρTabcµ 427
T¯ abcµua
dνud
eλf−e
f
µ
ρ
γ5γλDρTbcfν +H.c. 158 iε
µνλρT¯ abcσf+a
d
µσf−b
e
νλTcdeρ +H.c. 220 428
T¯ abcµua
dνuef µf−de
λργ5γλDνTbcfρ +H.c. 159 iε
µνλρT¯ abcσf+a
d
µσf−d
e
νλTbceρ +H.c. 221 429
T¯ abcµua
dνud
eλf−e
f
µ
ρ
γ5γρDνTbcfλ +H.c. 160 iε
µνλρT¯ abcσf+a
d
µνf−d
e
λσTbceρ +H.c. 222 430
T¯ abcµua
dνud
eλf−e
f
µ
ρ
γ5γρDλTbcfν +H.c. 161 iε
µνλρT¯ abcµf+a
d
ν
σ
f−d
e
λσTbceρ +H.c. 223 431
T¯ abcµua
dνud
eλf−e
f
ν
ρ
γ5γλDρTbcfµ +H.c. 162 iε
µνλρT¯ abcσfs,+µσf−a
d
νλTbcdρ +H.c. 224
T¯ abcµua
dνuef µf−fe
λργ5γνDλTbcdρ +H.c. 163 iε
µνλρT¯ abcσf+
de
µσf−edνλTabcρ +H.c. 432
T¯ abcµua
dνud
eλf−e
f
ν
ρ
γ5γρDλTbcfµ +H.c. 164 iε
µνλρT¯ abcσf+a
d
µνhb
e
λσTcdeρ +H.c. 225 433
T¯ abcµua
dνud
eλf−e
f
λ
ρ
γ5γνDρTbcfµ +H.c. 165 iε
µνλρT¯ abcσf+a
d
µνhd
e
λσTbceρ +H.c. 226 434
T¯ abcµua
dνuef µf−fe
λργ5γλDνTbcdρ +H.c. 166 iε
µνλρT¯ abcµf+a
d
ν
σ
hd
e
λσTbceρ +H.c. 227 435
T¯ abcµua
dνud
eλf−e
f
λ
ρ
γ5γρDνTbcfµ +H.c. 167 iε
µνλρT¯ abcσfs,+µνha
d
λσTbcdρ +H.c. 228
T¯ abcµua
dνuefλf−deµ
ργ5γνDλTbcfρ +H.c. 168 iε
µνλρT¯ abcσf+
de
µνhedλσTabcρ +H.c. 436
T¯ abcµua
dνuefλf−deν
ργ5γλDρTbcfµ +H.c. 169 iε
µνλρT¯ abcµ∇
σf+a
d
νσub
e
λTcdeρ 229 437
T¯ abcµua
dνuefλf−deν
ργ5γρDλTbcfµ +H.c. 170 iε
µνλρT¯ abcµ∇
σf+a
d
νσud
e
λTbceρ +H.c. 230 438
T¯ abcµua
dνuefλf−feµ
ργ5γνDλTbcdρ 171 iε
µνλρT¯ abcµ∇
σfs,+νσua
d
λTbcdρ 231
T¯ abcµua
dνuefλf−feµ
ργ5γλDνTbcdρ 172 iε
µνλρT¯ abcµ∇
σf+
de
νσuedλTabcρ 439
T¯ abcµudeµued
νf−a
fλργ5γνDλTbcfρ +H.c. 173 T¯
abcµf+a
d
µ
ν
f+b
e
ν
λTcdeλ 232 440
T¯ abcµudeµued
νf−a
fλργ5γλDνTbcfρ +H.c. 174 T¯
abcµf+a
dνλf+b
e
νλTcdeµ 233 441
T¯ abcµudeµu
f
d
ν
f−ef
λργ5γνDλTabcρ +H.c. 175 T¯
abcµf+a
d
µ
ν
f+d
e
ν
λTbceλ 234 442
T¯ abcµudeµu
f
d
ν
f−ef
λργ5γλDνTabcρ +H.c. 176 T¯
abcµf+a
dνλf+d
e
µνTbceλ 443
T¯ abcµudeνued
λf−a
f
µ
ρ
γ5γνDλTbcfρ 177 T¯
abcµf+a
dνλf+d
e
νλTbceµ 444
T¯ abcµudeνue
fλf−fdν
ργ5γλDρTabcµ +H.c. 178 T¯
abcµf+a
d
µ
ν
f+b
eλρDνλTcdeρ 235 445
T¯ abcµudeνue
fλf−fdν
ργ5γρDλTabcµ +H.c. 179 T¯
abcµf+a
dνλf+b
e
ν
ρDλρTcdeµ 236 446
T¯ abcµua
dνub
eλf−d
fρσγ5γρDνλσTcefµ +H.c. 59 180 T¯
abcµf+a
d
µ
ν
f+d
eλρDνλTbceρ 237 447
T¯ abcµua
dνud
eλf−e
fρσγ5γρDνλσTbcfµ +H.c. 181 T¯
abcµf+a
dνλf+d
e
µ
ρDνρTbceλ 448
T¯ abcµua
d
µub
eνhc
fλργ5γνDλTdefρ +H.c. 60 182 T¯
abcµf+a
dνλf+d
e
ν
ρDλρTbceµ 449
T¯ abcµua
d
µub
eνhd
fλργ5γνDλTcefρ +H.c. 61 183 iT¯
abcµf+a
d
µ
ν
f+b
eλρσνλTcdeρ 238 450
T¯ abcµua
d
µub
eνhd
fλργ5γλDνTcefρ +H.c. 62 184 iT¯
abcµf+a
d
µ
ν
f+d
eλρσνλTbceρ 239 451
T¯ abcµua
d
µub
eνhd
fλργ5γλDρTcefν +H.c. 63 185 T¯
abcµf+a
d
µ
ν
fs,+ν
λTbcdλ +H.c. 240
T¯ abcµua
d
µub
eνhe
fλργ5γνDλTcdfρ +H.c. 64 186 T¯
abcµf+a
dνλfs,+νλTbcdµ 241
T¯ abcµua
d
µub
eνhe
fλργ5γλDνTcdfρ +H.c. 65 187 T¯
abcµf+a
d
µ
ν
fs,+
λρDνλTbcdρ +H.c. 242
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T¯ abcµua
d
µub
eνhe
fλργ5γλDρTcdfν +H.c. 66 188 T¯
abcµf+a
dνλfs,+ν
ρDλρTbcdµ 243
T¯ abcµua
d
µud
eνhb
fλργ5γλDνTcefρ +H.c. 67 189 iT¯
abcµf+a
d
µ
ν
fs,+
λρσνλTbcdρ +H.c. 244
T¯ abcµua
d
µud
eνhe
fλργ5γνDλTbcfρ +H.c. 190 T¯
abcµfs,+µ
νfs,+ν
λTabcλ 245
T¯ abcµua
d
µud
eνhe
fλργ5γλDνTbcfρ +H.c. 191 T¯
abcµfs,+
νλfs,+νλTabcµ 246
T¯ abcµua
d
µud
eνhe
fλργ5γλDρTbcfν +H.c. 192 T¯
abcµfs,+µ
νfs,+
λρDνλTabcρ 247
T¯ abcµua
dνub
eλhd
f
µ
ρ
γ5γνDρTcefλ +H.c. 68 193 T¯
abcµfs,+
νλfs,+ν
ρDλρTabcµ 248
T¯ abcµua
dνub
e
νhd
fλργ5γλDρTcefµ +H.c. 69 194 iT¯
abcµfs,+µ
νfs,+
λρσνλTabcρ 249
T¯ abcµua
dνub
eλhd
f
µ
ρ
γ5γλDρTcefν +H.c. 70 195 iT¯
abcµf+
de
µ
ν
f+ed
λρσνλTabcρ 452
T¯ abcµua
dνub
eλhd
f
ν
ρ
γ5γλDρTcefµ +H.c. 71 196 T¯
abcµua
d
µub
eνχ+c
fTdefν 250 453
T¯ abcµua
d
µu
efνhde
λργ5γνDλTbcfρ +H.c. 197 T¯
abcµua
dνub
e
νχ+c
fTdefµ 251 454
T¯ abcµua
dνub
eλhd
f
ν
ρ
γ5γρDλTcefµ +H.c. 72 198 T¯
abcµua
d
µub
eνχ+d
fTcefν +H.c. 252 455
T¯ abcµua
dνub
eλhd
f
λ
ρ
γ5γνDρTcefµ +H.c. 73 199 T¯
abcµua
d
µub
eνχ+e
fTcdfν +H.c. 253 456
T¯ abcµua
d
µu
efνhde
λργ5γλDνTbcfρ +H.c. 200 T¯
abcµua
dνub
e
νχ+d
fTcefµ +H.c. 254 457
T¯ abcµua
dνub
eλhd
f
λ
ρ
γ5γρDνTcefµ +H.c. 74 201 T¯
abcµua
d
µud
eνχ+b
fTcefν 255 458
T¯ abcµua
d
µu
efνhfe
λργ5γνDλTbcdρ +H.c. 202 T¯
abcµua
dνud
e
µχ+b
fTcefν 256 459
T¯ abcµua
d
µu
efνhfe
λργ5γλDρTbcdν +H.c. 203 T¯
abcµua
dνud
e
νχ+b
fTcefµ 257 460
T¯ abcµua
dνud
e
µhe
fλργ5γλDνTbcfρ +H.c. 204 T¯
abcµua
d
µud
eνχ+e
fTbcfν +H.c. 461
T¯ abcµua
dνud
e
µhe
fλργ5γλDρTbcfν +H.c. 205 T¯
abcµua
dνud
e
µχ+e
fTbcfν +H.c. 462
T¯ abcµua
dνud
eλhb
f
ν
ρ
γ5γρDλTcefµ +H.c. 75 206 T¯
abcµua
dνud
e
νχ+e
fTbcfµ +H.c. 463
T¯ abcµua
dνuef µhde
λργ5γνDλTbcfρ +H.c. 207 T¯
abcµua
d
µu
efνχ+deTbcfν 464
T¯ abcµua
dνud
e
νhe
fλργ5γλDρTbcfµ +H.c. 208 T¯
abcµua
dνuef µχ+deTbcfν 465
T¯ abcµua
dνud
eλhe
f
µ
ρ
γ5γλDρTbcfν +H.c. 209 T¯
abcµua
dνuef νχ+deTbcfµ 466
T¯ abcµua
dνud
eλhe
f
ν
ρ
γ5γλDρTbcfµ +H.c. 210 T¯
abcµua
d
µu
efνχ+feTbcdν +H.c. 467
T¯ abcµua
dνuef µhfe
λργ5γνDλTbcdρ +H.c. 211 T¯
abcµua
dνuef νχ+feTbcdµ 468
T¯ abcµua
dνud
eλhe
f
ν
ρ
γ5γρDλTbcfµ +H.c. 212 T¯
abcµudeµued
νχ+a
fTbcfν 469
T¯ abcµua
dνud
eλhe
f
λ
ρ
γ5γνDρTbcfµ +H.c. 213 T¯
abcµudeνuedνχ+a
fTbcfµ 470
T¯ abcµua
dνud
eλhe
f
λ
ρ
γ5γρDνTbcfµ +H.c. 214 T¯
abcµudeµue
fνχ+fdTabcν 471
T¯ abcµua
dνuefλhdeν
ργ5γρDλTbcfµ +H.c. 215 T¯
abcµua
dνub
eλχ+c
fDνλTdefµ 258 472
T¯ abcµudeµu
f
d
ν
hef
λργ5γνDλTabcρ +H.c. 216 T¯
abcµua
dνub
eλχ+d
fDνλTcefµ +H.c. 259 473
T¯ abcµudeµu
f
d
ν
hef
λργ5γλDνTabcρ +H.c. 217 T¯
abcµua
dνud
eλχ+b
fDνλTcefµ 260 474
T¯ abcµudeνue
fλhfdν
ργ5γλDρTabcµ +H.c. 218 T¯
abcµua
dνud
eλχ+e
fDνλTbcfµ +H.c. 475
T¯ abcµudeνue
fλhfdν
ργ5γρDλTabcµ +H.c. 219 T¯
abcµua
dνuefλχ+deDνλTbcfµ 476
T¯ abcµua
dνub
eλhd
fρσγ5γνDλρσTcefµ +H.c. 76 220 T¯
abcµua
dνuefλχ+feDνλTbcdµ 477
T¯ abcµua
dνub
eλhd
fρσγ5γλDνρσTcefµ +H.c. 77 221 T¯
abcµudeνued
λχ+a
fDνλTbcfµ 478
T¯ abcµua
dνub
eλhd
fρσγ5γρDνλσTcefµ +H.c. 78 222 T¯
abcµua
d
µub
eνχ+,sTcdeν 261 479
T¯ abcµua
dνud
eλhe
fρσγ5γνDλρσTbcfµ +H.c. 223 T¯
abcµua
dνub
e
νχ+,sTcdeµ 262 480
T¯ abcµua
dνud
eλhe
fρσγ5γλDνρσTbcfµ +H.c. 224 T¯
abcµua
d
µud
eνχ+,sTbceν 263 481
T¯ abcµua
dνud
eλhe
fρσγ5γρDνλσTbcfµ +H.c. 225 T¯
abcµua
dνud
e
µχ+,sTbceν 264 482
T¯ abcµudeνue
fλhfd
ρσγ5γνDλρσTabcµ +H.c. 226 T¯
abcµua
dνud
e
νχ+,sTbceµ 265 483
εµνλρT¯ abcµua
d
νub
e
λf−d
f
ρ
σ
Tcefσ +H.c. 79 227 T¯
abcµudeµued
νχ+,sTabcν 484
εµνλρT¯ abcµua
d
νud
e
λf−b
f
ρ
σ
Tcefσ +H.c. 80 228 T¯
abcµudeνuedνχ+,sTabcµ 485
εµνλρT¯ abcµua
d
νud
e
λf−e
f
ρ
σ
Tbcfσ +H.c. 229 T¯
abcµua
dνub
eλχ+,sDνλTcdeµ 266 486
εµνλρT¯ abcµua
d
νu
ef
λf−beρ
σTcdfσ +H.c. 81 230 T¯
abcµua
dνud
eλχ+,sDνλTbceµ 267 487
εµνλρT¯ abcµua
d
νub
eσf−c
f
λρTdefσ +H.c. 82 231 T¯
abcµudeνued
λχ+,sDνλTabcµ 488
εµνλρT¯ abcµua
d
νu
ef
λf−deρ
σTbcfσ +H.c. 232 T¯
abcµf−a
dνλχ+d
eγ5γνDλTbceµ +H.c. 268 489
εµνλρT¯ abcµua
d
νub
eσf−d
f
λρTcefσ +H.c. 83 233 T¯
abcµha
dνλχ+d
eγ5γνDλTbceµ +H.c. 269 490
εµνλρT¯ abcµua
d
νub
eσf−e
f
λρTcdfσ +H.c. 84 234 T¯
abcµua
dν∇λχ+d
eγ5γλDνTbceµ +H.c. 270 491
εµνλρT¯ abcµua
d
νu
ef
λf−feρ
σTbcdσ +H.c. 235 ε
µνλρT¯ abcµf−a
d
νλχ+d
eTbceρ +H.c. 271 492
εµνλρT¯ abcµua
d
νub
eσf−d
f
λσTcefρ +H.c. 85 236 ε
µνλρT¯ abcµua
d
ν∇λχ+d
eTbceρ +H.c. 272 493
εµνλρT¯ abcµua
d
νud
eσf−b
f
λρTcefσ +H.c. 86 237 T¯
abcµ∇ν∇νχ+a
dTbcdµ 273 494
εµνλρT¯ abcµua
d
νud
eσf−e
f
λρTbcfσ +H.c. 238 T¯
abcµ∇ν∇νχ+,sTabcµ 274 495
εµνλρT¯ abcµua
d
νud
eσf−e
f
λσTbcfρ +H.c. 239 iT¯
abcµf+a
d
µ
ν
χ+b
eTcdeν 275 496
εµνλρT¯ abcµua
d
νu
efσf−beλρTcdfσ +H.c. 87 240 iT¯
abcµf+a
d
µ
ν
χ+d
eTbceν +H.c. 276 497
εµνλρT¯ abcµua
d
νu
efσf−deλρTbcfσ +H.c. 241 iT¯
abcµfs,+µ
νχ+a
dTbcdν 277
εµνλρT¯ abcµua
d
νu
efσf−feλρTbcdσ +H.c. 242 iT¯
abcµf+
de
µ
ν
χ+edTabcν 498
εµνλρT¯ abcµu
de
νue
f
λf−adρ
σTbcfσ +H.c. 243 iT¯
abcµf+a
d
µ
ν
χ+,sTbcdν 278 499
εµνλρT¯ abcµu
de
νue
f
λf−fdρ
σTabcσ +H.c. 244 iT¯
abcµfs,+µ
νχ+,sTabcν 279
εµνλρT¯ abcµua
dσud
e
νf−e
f
λρTbcfσ +H.c. 245 T¯
abcµχ+a
dχ+b
eTcdeµ 280 500
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εµνλρT¯ abcµu
de
νued
σf−a
f
λρTbcfσ +H.c. 246 T¯
abcµχ+a
dχ+d
eTbceµ 281 501
εµνλρT¯ abcµu
de
νue
fσf−adλρTbcfσ +H.c. 247 T¯
abcµχ+
deχ+edTabcµ 502
εµνλρT¯ abcµua
dσuef νf−feλρTbcdσ +H.c. 248 T¯
abcµχ+a
dχ+,sTbcdµ 282 503
εµνλρT¯ abcµua
d
νub
e
λhd
f
ρ
σ
Tcefσ +H.c. 88 249 T¯
abcµχ+,sχ+,sTabcµ 283 504
εµνλρT¯ abcµua
d
νud
e
λhb
f
ρ
σ
Tcefσ +H.c. 89 250 iT¯
abcµua
dνub
eλχ−d
fγ5γνDλTcefµ +H.c. 284 505
εµνλρT¯ abcµua
d
νud
e
λhe
f
ρ
σ
Tbcfσ +H.c. 251 iT¯
abcµua
dνub
eλχ−d
fγ5γλDνTcefµ +H.c. 285 506
εµνλρT¯ abcµua
d
νu
ef
λhdeρ
σTbcfσ +H.c. 252 iT¯
abcµua
dνud
eλχ−b
fγ5γνDλTcefµ +H.c. 286 507
εµνλρT¯ abcµua
d
νu
ef
λhfeρ
σTbcdσ +H.c. 253 iT¯
abcµua
dνud
eλχ−e
fγ5γνDλTbcfµ +H.c. 508
εµνλρT¯ abcµua
d
νub
eσhd
f
λσTcefρ +H.c. 90 254 iT¯
abcµua
dνud
eλχ−e
fγ5γλDνTbcfµ +H.c. 509
εµνλρT¯ abcµua
d
νud
eσhe
f
λσTbcfρ +H.c. 255 iT¯
abcµua
dνuefλχ−deγ5γνDλTbcfµ +H.c. 510
T¯ abcµf−a
d
µ
ν
f−b
e
ν
λTcdeλ 91 256 iT¯
abcµudeνue
fλχ−fdγ5γνDλTabcµ +H.c. 511
T¯ abcµf−a
dνλf−b
e
νλTcdeµ 92 257 iT¯
abcµua
dνud
eλχ−,sγ5γνDλTbceµ +H.c. 287 512
T¯ abcµf−a
d
µ
ν
f−d
e
ν
λTbceλ 93 258 iε
µνλρT¯ abcµua
d
νub
e
λχ−d
fTcefρ +H.c. 288 513
T¯ abcµf−a
dνλf−d
e
µνTbceλ 94 259 iε
µνλρT¯ abcµua
d
νud
e
λχ−b
fTcefρ 289 514
T¯ abcµf−a
dνλf−d
e
νλTbceµ 95 260 iε
µνλρT¯ abcµua
d
νud
e
λχ−e
fTbcfρ +H.c. 515
T¯ abcµf−
de
µ
ν
f−edν
λTabcλ 261 iε
µνλρT¯ abcµua
d
νu
ef
λχ−deTbcfρ 516
T¯ abcµf−
deνλf−edνλTabcµ 262 iε
µνλρT¯ abcµu
de
νue
f
λχ−fdTabcρ 517
T¯ abcµf−a
d
µ
ν
f−b
eλρDνλTcdeρ 96 263 iε
µνλρT¯ abcµua
d
νud
e
λχ−,sTbceρ 290 518
T¯ abcµf−a
dνλf−b
e
ν
ρDλρTcdeµ 97 264 iT¯
abcµf−a
d
µ
ν
χ−d
eTbceν +H.c. 291 519
T¯ abcµf−a
d
µ
ν
f−d
eλρDνλTbceρ 98 265 iT¯
abcµha
d
µ
ν
χ−b
eTcdeν 292 520
T¯ abcµf−a
dνλf−d
e
µ
ρDνρTbceλ 99 266 iT¯
abcµha
d
µ
ν
χ−d
eTbceν +H.c. 293 521
T¯ abcµf−a
dνλf−d
e
ν
ρDλρTbceµ 100 267 iT¯
abcµhdeµ
ν
χ−edTabcν 522
T¯ abcµf−
de
µ
ν
f−ed
λρDνλTabcρ 268 iT¯
abcµha
dνλχ−b
eDνλTcdeµ 294 523
T¯ abcµf−
deνλf−edν
ρDλρTabcµ 269 iT¯
abcµha
dνλχ−d
eDνλTbceµ +H.c. 295 524
iT¯ abcµf−a
d
µ
ν
f−b
eλρσνλTcdeρ 101 270 iT¯
abcµhdeνλχ−edDνλTabcµ 525
iT¯ abcµf−a
d
µ
ν
f−d
eλρσνλTbceρ 102 271 iT¯
abcµha
d
µ
ν
χ−,sTbcdν 296 526
iT¯ abcµf−
de
µ
ν
f−ed
λρσνλTabcρ 272 iT¯
abcµha
dνλχ−,sDνλTbcdµ 297 527
T¯ abcµha
d
µ
ν
f−b
e
ν
λTcdeλ +H.c. 103 273 iT¯
abcµua
dν∇νχ−b
eTcdeµ 298 528
T¯ abcµha
d
µ
ν
f−d
e
ν
λTbceλ +H.c. 104 274 iT¯
abcµua
dν∇νχ−d
eTbceµ +H.c. 299 529
T¯ abcµha
dνλf−d
e
µνTbceλ +H.c. 105 275 iT¯
abcµudeν∇νχ−edTabcµ 530
T¯ abcµhdeµ
ν
f−edν
λTabcλ +H.c. 276 iT¯
abcµua
dν∇νχ−,sTbcdµ 300 531
T¯ abcµha
d
µ
ν
f−b
eλρDνλTcdeρ +H.c. 106 277 T¯
abcµf+a
dνλχ−b
eγ5γνDλTcdeµ 301 532
T¯ abcµha
dνλf−b
e
ν
ρDλρTcdeµ 107 278 T¯
abcµf+a
dνλχ−d
eγ5γνDλTbceµ +H.c. 302 533
T¯ abcµha
d
µ
ν
f−d
eλρDνλTbceρ +H.c. 108 279 T¯
abcµfs,+
νλχ−a
dγ5γνDλTbcdµ 303
T¯ abcµha
dνλf−d
e
µ
ρDνλTbceρ +H.c. 109 280 T¯
abcµf+
deνλχ−edγ5γνDλTabcµ 534
T¯ abcµha
dνλf−d
e
ν
ρDλρTbceµ +H.c. 110 281 T¯
abcµf+a
dνλχ−,sγ5γνDλTbcdµ 304 535
T¯ abcµhdeµ
ν
f−ed
λρDνλTabcρ +H.c. 282 T¯
abcµfs,+
νλχ−,sγ5γνDλTabcµ 305
T¯ abcµhdeνλf−edν
ρDλρTabcµ 283 ε
µνλρT¯ abcµf+a
d
νλχ−b
eTcdeρ 306 536
iT¯ abcµha
d
µ
ν
f−d
eλρσνλTbceρ +H.c. 111 284 ε
µνλρT¯ abcµf+a
d
νλχ−d
eTbceρ +H.c. 307 537
T¯ abcµha
d
µ
ν
hb
e
ν
λTcdeλ 112 285 ε
µνλρT¯ abcµfs,+νλχ−a
dTbcdρ 308
T¯ abcµha
dνλhb
e
νλTcdeµ 113 286 ε
µνλρT¯ abcµf+
de
νλχ−edTabcρ 538
T¯ abcµha
d
µ
ν
hd
e
ν
λTbceλ 114 287 ε
µνλρT¯ abcµf+a
d
νλχ−,sTbcdρ 309 539
T¯ abcµha
dνλhd
e
νλTbceµ 115 288 ε
µνλρT¯ abcµfs,+νλχ−,sTabcρ 310
T¯ abcµhdeµ
ν
hedν
λTabcλ 289 T¯
abcµχ−a
dχ−b
eTcdeµ 311 540
T¯ abcµhdeνλhedνλTabcµ 290 T¯
abcµχ−a
dχ−d
eTbceµ 541
T¯ abcµha
d
µ
ν
hb
eλρDνλTcdeρ 116 291 T¯
abcµχ−
deχ−edTabcµ 542
T¯ abcµha
dνλhb
e
ν
ρDλρTcdeµ 117 292 T¯
abcµχ−a
dχ−,sTbcdµ 312 543
T¯ abcµha
d
µ
ν
hd
eλρDνλTbceρ 118 293 T¯
abcµ〈FLµ
νFLν
λ〉Tabcλ +H.c. 313 544
T¯ abcµha
dνλhd
e
ν
ρDλρTbceµ 119 294 T¯
abcµ〈FL
νλFLνλ〉Tabcµ +H.c. 314 545
T¯ abcµhdeµ
ν
hed
λρDνλTabcρ 295 T¯
abcµ〈FLµ
νFL
λρ〉DνλTabcρ +H.c. 315 546
T¯ abcµhdeνλhedν
ρDλρTabcµ 296 T¯
abcµ〈FL
νλFLν
ρ〉DλρTabcµ +H.c. 316 547
T¯ abcµha
dνλhb
eρσDνλρσTcdeµ 120 297 T¯
abcµ〈χχ†〉Tabcµ 317 548
T¯ abcµha
dνλhd
eρσDνλρσTbceµ 121 298 T¯
abcµ detχTabcµ +H.c. 318
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TABLE VI: Terms in the O(p3) meson-octet-decuplet and πN∆ chiral
Lagrangians, where P
(Nf ,3)
n is defined in Eqs. (64) and (66). For the
SU(2) case, the form needs to be changed, see the sentences around Eq.
(67).
P
(Nf ,3)
n SU(2) SU(3) P
(Nf ,3)
n SU(2) SU(3)
ǫabcB¯a
d
ub
eµuc
f
µue
gνTA,n,dfgν 1 1 ǫ
abcB¯a
d
ub
eµf−e
fνλγ5γνDλTA,n,cdfµ 36
ǫabcB¯a
d
ub
eµuc
fνud
g
µTA,n,efgν 2 2 ǫ
abcB¯a
d
uefµf−be
νλγ5γµDνTA,n,cdfλ 37
ǫabcB¯a
d
ub
eµuc
fνue
g
µTA,n,dfgν 3 ǫ
abcB¯a
d
uefµf−be
νλγ5γνDµTA,n,cdfλ 38
ǫabcB¯a
d
ub
eµuc
fνue
g
νTA,n,dfgµ 3 4 ǫ
abcB¯a
d
uefµf−be
νλγ5γνDλTA,n,cdfµ 39
ǫabcB¯a
d
ub
eµud
f
µue
gνTA,n,cfgν 5 ǫ
abcB¯a
d
ub
eµhc
fνλγ5γµDνTA,n,defλ 15 40
ǫabcB¯a
d
ub
eµud
fνue
g
µTA,n,cfgν 6 ǫ
abcB¯a
d
ub
eµhd
fνλγ5γµDνTA,n,cefλ 16 41
ǫabcB¯a
d
ub
eµud
fνue
g
νTA,n,cfgµ 7 ǫ
abcB¯a
d
ub
eµhe
fνλγ5γµDνTA,n,cdfλ 42
ǫabcB¯a
d
ub
eµue
f
µuf
gνTA,n,cdgν 8 ǫ
abcB¯a
d
ub
eµhe
fνλγ5γνDµTA,n,cdfλ 43
ǫabcB¯a
d
ub
eµue
fνuf
g
µTA,n,cdgν 9 ε
µνλρǫabcB¯a
d
ub
e
µf−c
f
νλTA,n,defρ 17 44
ǫabcB¯a
d
ub
eµue
fνuf
g
νTA,n,cdgµ 10 ε
µνλρǫabcB¯a
d
ub
e
µf−d
f
νλTA,n,cefρ 18 45
ǫabcB¯a
d
ub
eµuc
fνud
gλDµλTA,n,efgν 4 11 ε
µνλρǫabcB¯a
d
ub
e
µf−e
f
νλTA,n,cdfρ 46
ǫabcB¯a
d
ub
eµuc
fνue
gλDµνTA,n,dfgλ 5 12 ε
µνλρǫabcB¯a
d
uef µf−beνλTA,n,cdfρ 47
ǫabcB¯a
d
ub
eµuc
fνue
gλDµλTA,n,dfgν 13 ǫ
abcB¯a
d
∇µf−b
e
µ
νTA,n,cdeν 19 48
ǫabcB¯a
d
ub
eµuc
fνue
gλDνλTA,n,dfgµ 6 14 iǫ
abcB¯a
d
∇µf−b
eνλσµνTA,n,cdeλ 20 49
ǫabcB¯a
d
ub
eµud
fνue
gλDµνTA,n,cfgλ 15 iǫ
abcB¯a
d
f+b
eµνuc
f
µTA,n,defν 21 50
ǫabcB¯a
d
ub
eµud
fνue
gλDµλTA,n,cfgν 16 iǫ
abcB¯a
d
f+b
eµνud
f
µTA,n,cefν 22 51
ǫabcB¯a
d
ub
eµud
fνue
gλDνλTA,n,cfgµ 17 iǫ
abcB¯a
d
f+b
eµνue
f
µTA,n,cdfν 52
ǫabcB¯a
d
ub
eµue
fνuf
gλDµνTA,n,cdgλ 18 iǫ
abcB¯a
d
f+
efµνubeµTA,n,cdfν 53
ǫabcB¯a
d
ub
eµue
fνuf
gλDµλTA,n,cdgν 19 iǫ
abcB¯a
d
f+b
eµνuc
fλDµλTA,n,defν 23 54
ǫabcB¯a
d
ub
eµue
fνuf
gλDνλTA,n,cdgµ 20 iǫ
abcB¯a
d
f+b
eµνud
fλDµλTA,n,cefν 24 55
iǫabcB¯a
d
ub
eµuc
fνud
gλσµνTA,n,efgλ 7 21 iǫ
abcB¯a
d
f+b
eµνue
fλDµλTA,n,cdfν 56
iǫabcB¯a
d
ub
eµuc
fνue
gλσµνTA,n,dfgλ 8 22 iǫ
abcB¯a
d
f+
efµνube
λDµλTA,n,cdfν 57
iǫabcB¯a
d
ub
eµuc
fνue
gλσµλTA,n,dfgν 23 ǫ
abcB¯a
d
f+b
eµνuc
fλσµνTA,n,defλ 25 58
iǫabcB¯a
d
ub
eµud
fνue
gλσµνTA,n,cfgλ 24 ǫ
abcB¯a
d
f+b
eµνud
fλσµνTA,n,cefλ 26 59
iǫabcB¯a
d
ub
eµud
fνue
gλσµλTA,n,cfgν 25 iǫ
abcB¯a
d
fs,+
µνub
e
µTA,n,cdeν 27
iǫabcB¯a
d
ub
eµue
fνuf
gλσµνTA,n,cdgλ 26 iǫ
abcB¯a
d
fs,+
µνub
eλDµλTA,n,cdeν 28
iǫabcB¯a
d
ub
eµue
fνuf
gλσµλTA,n,cdgν 27 ǫ
abcB¯a
d
fs,+
µνub
eλσµνTA,n,cdeλ 29
ǫabcB¯a
d
ub
eµf−c
fνλγ5γµDνTA,n,defλ 9 28 ǫ
abcB¯a
d
f+b
eµνue
fλσµνTA,n,cdfλ 60
ǫabcB¯a
d
ub
eµf−c
fνλγ5γνDµTA,n,defλ 10 29 ǫ
abcB¯a
d
f+
efµνube
λσµνTA,n,cdfλ 61
ǫabcB¯a
d
ub
eµf−c
fνλγ5γνDλTA,n,defµ 11 30 ǫ
abcB¯a
d
ub
eµχ+c
fTA,n,defµ 30 62
ǫabcB¯a
d
ub
eµf−d
fνλγ5γµDνTA,n,cefλ 12 31 ǫ
abcB¯a
d
ub
eµχ+d
fTA,n,cefµ 31 63
ǫabcB¯a
d
ub
eµf−d
fνλγ5γνDµTA,n,cefλ 13 32 ǫ
abcB¯a
d
ub
eµχ+e
fTA,n,cdfµ 64
ǫabcB¯a
d
ub
eµf−d
fνλγ5γνDλTA,n,cefµ 14 33 ǫ
abcB¯a
d
uefµχ+beTA,n,cdfµ 65
ǫabcB¯a
d
ub
eµf−e
fνλγ5γµDνTA,n,cdfλ 34 ǫ
abcB¯a
d
ub
eµχ+,sTA,n,cdeµ 32 66
ǫabcB¯a
d
ub
eµf−e
fνλγ5γνDµTA,n,cdfλ 35 iǫ
abcB¯a
d
∇µχ−b
eTA,n,cdeµ 33 67
TABLE VII: Terms in the O(p4) meson-octet-decuplet and πN∆ chiral
Lagrangians, where P
(Nf ,4)
n is defined in Eqs. (64) and (66). For the
SU(2) case, the form needs to be changed, see the sentences around Eq.
(67).
P
(Nf ,4)
n SU(2) SU(3) P
(Nf ,4)
n SU(2) SU(3)
ǫabcB¯a
d
ub
eµuc
f
µud
gνue
hλγ5γνTA,n,fghλ 1 1 ǫ
abcB¯a
d
ub
eµ∇νf−c
f
µ
λ
γ5γνTA,n,defλ 78 322
ǫabcB¯a
d
ub
eµuc
f
µud
gνue
hλγ5γλTA,n,fghν 2 2 ǫ
abcB¯a
d
ub
eµ∇νf−c
f
ν
λ
γ5γµTA,n,defλ 79 323
ǫabcB¯a
d
ub
eµuc
f
µue
gνuf
hλγ5γνTA,n,dghλ 3 ǫ
abcB¯a
d
ub
eµ∇νf−c
f
ν
λ
γ5γλTA,n,defµ 80 324
ǫabcB¯a
d
ub
eµuc
f
µue
gνug
hλγ5γνTA,n,dfhλ 4 ǫ
abcB¯a
d
ub
eµ∇µf−d
fνλγ5γνTA,n,cefλ 81 325
ǫabcB¯a
d
ub
eµuc
f
µue
gνug
hλγ5γλTA,n,dfhν 5 ǫ
abcB¯a
d
ub
eµ∇νf−d
f
µ
λ
γ5γνTA,n,cefλ 82 326
ǫabcB¯a
d
ub
eµuc
fνud
g
µue
hλγ5γνTA,n,fghλ 3 6 ǫ
abcB¯a
d
ub
eµ∇νf−d
f
ν
λ
γ5γµTA,n,cefλ 83 327
ǫabcB¯a
d
ub
eµuc
fνud
g
µue
hλγ5γλTA,n,fghν 7 ǫ
abcB¯a
d
ub
eµ∇νf−d
f
ν
λ
γ5γλTA,n,cefµ 84 328
18
P
(Nf ,4)
n SU(2) SU(3) P
(Nf ,4)
n SU(2) SU(3)
ǫabcB¯a
d
ub
eµuc
fνud
g
µuf
hλγ5γνTA,n,eghλ 4 8 ǫ
abcB¯a
d
ub
eµ∇µf−e
fνλγ5γνTA,n,cdfλ 329
ǫabcB¯a
d
ub
eµuc
fνud
g
µuf
hλγ5γλTA,n,eghν 5 9 ǫ
abcB¯a
d
ub
eµ∇νf−e
f
µ
λ
γ5γνTA,n,cdfλ 330
ǫabcB¯a
d
ub
eµuc
fνud
gλue
h
µγ5γνTA,n,fghλ 10 ǫ
abcB¯a
d
ub
eµ∇νf−e
f
ν
λ
γ5γµTA,n,cdfλ 331
ǫabcB¯a
d
ub
eµuc
fνud
gλue
h
µγ5γλTA,n,fghν 11 ǫ
abcB¯a
d
ub
eµ∇νf−e
f
ν
λ
γ5γλTA,n,cdfµ 332
ǫabcB¯a
d
ub
eµuc
fνud
gλue
h
νγ5γµTA,n,fghλ 6 12 ǫ
abcB¯a
d
uefµ∇µf−be
νλγ5γνTA,n,cdfλ 333
ǫabcB¯a
d
ub
eµuc
fνud
gλue
h
νγ5γλTA,n,fghµ 7 13 ǫ
abcB¯a
d
uefµ∇νf−beµ
λγ5γνTA,n,cdfλ 334
ǫabcB¯a
d
ub
eµuc
fνud
gλue
h
λγ5γµTA,n,fghν 14 ǫ
abcB¯a
d
uefµ∇νf−beν
λγ5γµTA,n,cdfλ 335
ǫabcB¯a
d
ub
eµuc
fνud
gλue
h
λγ5γνTA,n,fghµ 15 ǫ
abcB¯a
d
uefµ∇νf−beν
λγ5γλTA,n,cdfµ 336
ǫabcB¯a
d
ub
eµuc
fνue
g
µuf
hλγ5γνTA,n,dghλ 16 ǫ
abcB¯a
d
ub
eµ∇µhc
fνλγ5γνTA,n,defλ 85 337
ǫabcB¯a
d
ub
eµuc
fνue
g
µuf
hλγ5γλTA,n,dghν 17 ǫ
abcB¯a
d
ub
eµ∇µhd
fνλγ5γνTA,n,cefλ 86 338
ǫabcB¯a
d
ub
eµuc
fνue
g
µug
hλγ5γνTA,n,dfhλ 18 ǫ
abcB¯a
d
ub
eµ∇µhe
fνλγ5γνTA,n,cdfλ 339
ǫabcB¯a
d
ub
eµuc
fνue
g
µug
hλγ5γλTA,n,dfhν 19 ǫ
abcB¯a
d
uefµ∇µhbe
νλγ5γνTA,n,cdfλ 340
ǫabcB¯a
d
ub
eµuc
fνue
g
νuf
hλγ5γµTA,n,dghλ 20 ε
µνλρǫabcB¯a
d
f−b
e
µνf−c
f
λ
σ
DρTA,n,defσ 87 341
ǫabcB¯a
d
ub
eµuc
fνue
g
νuf
hλγ5γλTA,n,dghµ 21 ε
µνλρǫabcB¯a
d
f−b
e
µνf−e
f
λ
σ
DρTA,n,cdfσ 342
ǫabcB¯a
d
ub
eµuc
fνue
g
νug
hλγ5γµTA,n,dfhλ 22 ε
µνλρǫabcB¯a
d
hb
e
µ
σf−c
f
νλDρTA,n,defσ 88 343
ǫabcB¯a
d
ub
eµuc
fνue
g
νug
hλγ5γλTA,n,dfhµ 23 ε
µνλρǫabcB¯a
d
hb
e
µ
σf−d
f
νλDρTA,n,cefσ 89 344
ǫabcB¯a
d
ub
eµuc
fνue
gλuf
h
λγ5γµTA,n,dghν 24 ε
µνλρǫabcB¯a
d
hb
e
µ
σf−e
f
νλDρTA,n,cdfσ 345
ǫabcB¯a
d
ub
eµuc
fνue
gλug
h
µγ5γνTA,n,dfhλ 25 ε
µνλρǫabcB¯a
d
hef µ
σ
f−beνλDρTA,n,cdfσ 346
ǫabcB¯a
d
ub
eµuc
fνue
gλug
h
µγ5γλTA,n,dfhν 26 iǫ
abcB¯a
d
f+b
eµνuc
f
µud
gλγ5γνTA,n,efgλ 90 347
ǫabcB¯a
d
ub
eµuc
fνue
gλug
h
νγ5γµTA,n,dfhλ 27 iǫ
abcB¯a
d
f+b
eµνuc
f
µud
gλγ5γλTA,n,efgν 91 348
ǫabcB¯a
d
ub
eµuc
fνue
gλug
h
νγ5γλTA,n,dfhµ 28 iǫ
abcB¯a
d
f+b
eµνuc
f
µue
gλγ5γνTA,n,dfgλ 92 349
ǫabcB¯a
d
ub
eµuc
fνue
gλug
h
λγ5γµTA,n,dfhν 29 iǫ
abcB¯a
d
f+b
eµνuc
f
µue
gλγ5γλTA,n,dfgν 93 350
ǫabcB¯a
d
ub
eµuc
fνue
gλug
h
λγ5γνTA,n,dfhµ 30 iǫ
abcB¯a
d
f+b
eµνuc
f
µuf
gλγ5γνTA,n,degλ 94 351
ǫabcB¯a
d
ub
eµud
f
µue
gνuf
hλγ5γνTA,n,cghλ 31 iǫ
abcB¯a
d
f+b
eµνuc
f
µuf
gλγ5γλTA,n,degν 95 352
ǫabcB¯a
d
ub
eµud
f
µue
gνug
hλγ5γνTA,n,cfhλ 32 iǫ
abcB¯a
d
f+b
eµνuc
fλud
g
µγ5γνTA,n,efgλ 96 353
ǫabcB¯a
d
ub
eµud
f
µue
gνug
hλγ5γλTA,n,cfhν 33 iǫ
abcB¯a
d
f+b
eµνuc
fλud
g
µγ5γλTA,n,efgν 97 354
ǫabcB¯a
d
ub
eµud
f
µu
ghνuhg
λγ5γνTA,n,cefλ 34 iǫ
abcB¯a
d
f+b
eµνuc
fλud
g
λγ5γµTA,n,efgν 98 355
ǫabcB¯a
d
ub
eµud
fνue
g
µuf
hλγ5γνTA,n,cghλ 35 iǫ
abcB¯a
d
f+b
eµνuc
fλue
g
µγ5γνTA,n,dfgλ 356
ǫabcB¯a
d
ub
eµud
fνue
g
µuf
hλγ5γλTA,n,cghν 36 iǫ
abcB¯a
d
f+b
eµνuc
fλue
g
µγ5γλTA,n,dfgν 357
ǫabcB¯a
d
ub
eµud
fνue
g
µug
hλγ5γνTA,n,cfhλ 37 iǫ
abcB¯a
d
f+b
eµνuc
fλue
g
λγ5γµTA,n,dfgν 99 358
ǫabcB¯a
d
ub
eµud
fνue
g
νuf
hλγ5γµTA,n,cghλ 38 iǫ
abcB¯a
d
f+b
eµνuc
fλuf
g
µγ5γνTA,n,degλ 100 359
ǫabcB¯a
d
ub
eµud
fνue
g
νuf
hλγ5γλTA,n,cghµ 39 iǫ
abcB¯a
d
f+b
eµνuc
fλuf
g
µγ5γλTA,n,degν 101 360
ǫabcB¯a
d
ub
eµud
fνue
g
νug
hλγ5γµTA,n,cfhλ 40 iǫ
abcB¯a
d
f+b
eµνuc
fλuf
g
λγ5γµTA,n,degν 102 361
ǫabcB¯a
d
ub
eµud
fνue
g
νug
hλγ5γλTA,n,cfhµ 41 iǫ
abcB¯a
d
f+b
eµνud
f
µue
gλγ5γνTA,n,cfgλ 362
ǫabcB¯a
d
ub
eµud
fνue
gλuf
h
λγ5γµTA,n,cghν 42 iǫ
abcB¯a
d
f+b
eµνud
f
µue
gλγ5γλTA,n,cfgν 363
ǫabcB¯a
d
ub
eµud
fνue
gλug
h
νγ5γµTA,n,cfhλ 43 iǫ
abcB¯a
d
f+b
eµνud
f
µuf
gλγ5γνTA,n,cegλ 364
ǫabcB¯a
d
ub
eµue
f
µuf
gνug
hλγ5γνTA,n,cdhλ 44 iǫ
abcB¯a
d
f+b
eµνud
f
µuf
gλγ5γλTA,n,cegν 365
ǫabcB¯a
d
ub
eµue
f
µuf
gνug
hλγ5γλTA,n,cdhν 45 iǫ
abcB¯a
d
f+b
eµνud
fλue
g
µγ5γνTA,n,cfgλ 366
ǫabcB¯a
d
ub
eµue
f
µu
ghνuhg
λγ5γνTA,n,cdfλ 46 iǫ
abcB¯a
d
f+b
eµνud
fλue
g
µγ5γλTA,n,cfgν 367
ǫabcB¯a
d
ub
eµue
fνuf
g
µug
hλγ5γνTA,n,cdhλ 47 iǫ
abcB¯a
d
f+b
eµνud
fλue
g
λγ5γµTA,n,cfgν 368
ǫabcB¯a
d
ub
eµue
fνuf
g
µug
hλγ5γλTA,n,cdhν 48 iǫ
abcB¯a
d
f+b
eµνud
fλuf
g
µγ5γνTA,n,cegλ 369
ǫabcB¯a
d
ub
eµue
fνuf
gλug
h
µγ5γνTA,n,cdhλ 49 iǫ
abcB¯a
d
f+b
eµνud
fλuf
g
µγ5γλTA,n,cegν 370
ǫabcB¯a
d
ub
eµue
fνuf
gλug
h
νγ5γµTA,n,cdhλ 50 iǫ
abcB¯a
d
f+b
eµνud
fλuf
g
λγ5γµTA,n,cegν 371
ǫabcB¯a
d
ub
eµue
fνuf
gλug
h
νγ5γλTA,n,cdhµ 51 iǫ
abcB¯a
d
f+b
eµνue
f
µuf
gλγ5γνTA,n,cdgλ 372
ǫabcB¯a
d
ub
eµuc
fνud
gλue
hργ5γµDνλTA,n,fghρ 8 52 iǫ
abcB¯a
d
f+b
eµνue
f
µuf
gλγ5γλTA,n,cdgν 373
ǫabcB¯a
d
ub
eµuc
fνud
gλue
hργ5γµDνρTA,n,fghλ 9 53 iǫ
abcB¯a
d
f+b
eµνue
fλuf
g
µγ5γνTA,n,cdgλ 374
ǫabcB¯a
d
ub
eµuc
fνud
gλue
hργ5γµDλρTA,n,fghν 54 iǫ
abcB¯a
d
f+b
eµνue
fλuf
g
µγ5γλTA,n,cdgν 375
ǫabcB¯a
d
ub
eµuc
fνud
gλue
hργ5γνDµλTA,n,fghρ 10 55 iǫ
abcB¯a
d
f+b
eµνue
fλuf
g
λγ5γµTA,n,cdgν 376
ǫabcB¯a
d
ub
eµuc
fνud
gλue
hργ5γνDµρTA,n,fghλ 11 56 iǫ
abcB¯a
d
f+b
eµνufgµugf
λγ5γνTA,n,cdeλ 377
ǫabcB¯a
d
ub
eµuc
fνud
gλue
hργ5γνDλρTA,n,fghµ 12 57 iǫ
abcB¯a
d
f+b
eµνufgµugf
λγ5γλTA,n,cdeν 378
ǫabcB¯a
d
ub
eµuc
fνud
gλue
hργ5γλDµνTA,n,fghρ 13 58 iǫ
abcB¯a
d
f+b
eµνufgλugfλγ5γµTA,n,cdeν 379
ǫabcB¯a
d
ub
eµuc
fνud
gλue
hργ5γλDµρTA,n,fghν 59 iǫ
abcB¯a
d
f+
efµνubeµuc
gλγ5γνTA,n,dfgλ 380
19
P
(Nf ,4)
n SU(2) SU(3) P
(Nf ,4)
n SU(2) SU(3)
ǫabcB¯a
d
ub
eµuc
fνud
gλue
hργ5γλDνρTA,n,fghµ 14 60 iǫ
abcB¯a
d
f+
efµνubeµuc
gλγ5γλTA,n,dfgν 381
ǫabcB¯a
d
ub
eµuc
fνud
gλue
hργ5γρDµνTA,n,fghλ 61 iǫ
abcB¯a
d
f+
efµνubeµud
gλγ5γνTA,n,cfgλ 382
ǫabcB¯a
d
ub
eµuc
fνud
gλue
hργ5γρDµλTA,n,fghν 62 iǫ
abcB¯a
d
f+
efµνubeµud
gλγ5γλTA,n,cfgν 383
ǫabcB¯a
d
ub
eµuc
fνud
gλue
hργ5γρDνλTA,n,fghµ 63 iǫ
abcB¯a
d
f+
efµνubeµuf
gλγ5γνTA,n,cdgλ 384
ǫabcB¯a
d
ub
eµuc
fνue
gλuf
hργ5γµDνλTA,n,dghρ 64 iǫ
abcB¯a
d
f+
efµνubeµuf
gλγ5γλTA,n,cdgν 385
ǫabcB¯a
d
ub
eµuc
fνue
gλuf
hργ5γµDνρTA,n,dghλ 65 iǫ
abcB¯a
d
f+
efµνube
λuc
g
µγ5γνTA,n,dfgλ 386
ǫabcB¯a
d
ub
eµuc
fνue
gλuf
hργ5γµDλρTA,n,dghν 66 iǫ
abcB¯a
d
f+
efµνube
λuc
g
µγ5γλTA,n,dfgν 387
ǫabcB¯a
d
ub
eµuc
fνue
gλuf
hργ5γλDµνTA,n,dghρ 67 iǫ
abcB¯a
d
f+
efµνube
λuc
g
λγ5γµTA,n,dfgν 388
ǫabcB¯a
d
ub
eµuc
fνue
gλuf
hργ5γλDµρTA,n,dghν 68 iǫ
abcB¯a
d
f+
efµνube
λud
g
µγ5γνTA,n,cfgλ 389
ǫabcB¯a
d
ub
eµuc
fνue
gλuf
hργ5γλDνρTA,n,dghµ 69 iǫ
abcB¯a
d
f+
efµνube
λud
g
µγ5γλTA,n,cfgν 390
ǫabcB¯a
d
ub
eµuc
fνue
gλug
hργ5γµDνλTA,n,dfhρ 70 iǫ
abcB¯a
d
f+
efµνube
λud
g
λγ5γµTA,n,cfgν 391
ǫabcB¯a
d
ub
eµuc
fνue
gλug
hργ5γµDνρTA,n,dfhλ 71 iǫ
abcB¯a
d
f+
efµνube
λuf
g
µγ5γνTA,n,cdgλ 392
ǫabcB¯a
d
ub
eµuc
fνue
gλug
hργ5γµDλρTA,n,dfhν 72 iǫ
abcB¯a
d
f+
efµνube
λuf
g
µγ5γλTA,n,cdgν 393
ǫabcB¯a
d
ub
eµuc
fνue
gλug
hργ5γνDµλTA,n,dfhρ 73 iǫ
abcB¯a
d
f+
efµνube
λuf
g
λγ5γµTA,n,cdgν 394
ǫabcB¯a
d
ub
eµuc
fνue
gλug
hργ5γνDµρTA,n,dfhλ 74 iǫ
abcB¯a
d
f+
efµνub
g
µuge
λγ5γνTA,n,cdfλ 395
ǫabcB¯a
d
ub
eµuc
fνue
gλug
hργ5γνDλρTA,n,dfhµ 75 iǫ
abcB¯a
d
f+
efµνub
g
µuge
λγ5γλTA,n,cdfν 396
ǫabcB¯a
d
ub
eµuc
fνue
gλug
hργ5γλDµνTA,n,dfhρ 76 iǫ
abcB¯a
d
f+b
eµνuc
fλud
gργ5γµDνλTA,n,efgρ 103 397
ǫabcB¯a
d
ub
eµuc
fνue
gλug
hργ5γλDµρTA,n,dfhν 77 iǫ
abcB¯a
d
f+b
eµνuc
fλud
gργ5γµDνρTA,n,efgλ 104 398
ǫabcB¯a
d
ub
eµuc
fνue
gλug
hργ5γλDνρTA,n,dfhµ 78 iǫ
abcB¯a
d
f+b
eµνuc
fλud
gργ5γµDλρTA,n,efgν 105 399
ǫabcB¯a
d
ub
eµuc
fνue
gλug
hργ5γρDµνTA,n,dfhλ 79 iǫ
abcB¯a
d
f+b
eµνuc
fλud
gργ5γλDµρTA,n,efgν 106 400
ǫabcB¯a
d
ub
eµuc
fνue
gλug
hργ5γρDµλTA,n,dfhν 80 iǫ
abcB¯a
d
f+b
eµνuc
fλud
gργ5γρDµλTA,n,efgν 107 401
ǫabcB¯a
d
ub
eµuc
fνue
gλug
hργ5γρDνλTA,n,dfhµ 81 iǫ
abcB¯a
d
f+b
eµνuc
fλue
gργ5γµDνλTA,n,dfgρ 108 402
ǫabcB¯a
d
ub
eµud
fνue
gλuf
hργ5γµDνλTA,n,cghρ 82 iǫ
abcB¯a
d
f+b
eµνuc
fλue
gργ5γµDνρTA,n,dfgλ 403
ǫabcB¯a
d
ub
eµud
fνue
gλuf
hργ5γµDνρTA,n,cghλ 83 iǫ
abcB¯a
d
f+b
eµνuc
fλue
gργ5γµDλρTA,n,dfgν 109 404
ǫabcB¯a
d
ub
eµud
fνue
gλuf
hργ5γµDλρTA,n,cghν 84 iǫ
abcB¯a
d
f+b
eµνuc
fλue
gργ5γλDµρTA,n,dfgν 110 405
ǫabcB¯a
d
ub
eµud
fνue
gλuf
hργ5γλDµνTA,n,cghρ 85 iǫ
abcB¯a
d
f+b
eµνuc
fλue
gργ5γρDµλTA,n,dfgν 406
ǫabcB¯a
d
ub
eµud
fνue
gλuf
hργ5γλDµρTA,n,cghν 86 iǫ
abcB¯a
d
f+b
eµνuc
fλuf
gργ5γµDνλTA,n,degρ 111 407
ǫabcB¯a
d
ub
eµud
fνue
gλuf
hργ5γλDνρTA,n,cghµ 87 iǫ
abcB¯a
d
f+b
eµνuc
fλuf
gργ5γµDνρTA,n,degλ 112 408
ǫabcB¯a
d
ub
eµud
fνue
gλug
hργ5γµDνλTA,n,cfhρ 88 iǫ
abcB¯a
d
f+b
eµνuc
fλuf
gργ5γµDλρTA,n,degν 113 409
ǫabcB¯a
d
ub
eµud
fνue
gλug
hργ5γµDνρTA,n,cfhλ 89 iǫ
abcB¯a
d
f+b
eµνuc
fλuf
gργ5γλDµρTA,n,degν 114 410
ǫabcB¯a
d
ub
eµud
fνue
gλug
hργ5γνDµλTA,n,cfhρ 90 iǫ
abcB¯a
d
f+b
eµνuc
fλuf
gργ5γρDµλTA,n,degν 115 411
ǫabcB¯a
d
ub
eµud
fνue
gλug
hργ5γνDµρTA,n,cfhλ 91 iǫ
abcB¯a
d
fs,+
µνub
e
µuc
fλγ5γνTA,n,defλ 116
ǫabcB¯a
d
ub
eµud
fνue
gλug
hργ5γνDλρTA,n,cfhµ 92 iǫ
abcB¯a
d
fs,+
µνub
e
µuc
fλγ5γλTA,n,defν 117
ǫabcB¯a
d
ub
eµud
fνue
gλug
hργ5γλDµνTA,n,cfhρ 93 iǫ
abcB¯a
d
fs,+
µνub
e
µud
fλγ5γνTA,n,cefλ 118
ǫabcB¯a
d
ub
eµud
fνue
gλug
hργ5γλDνρTA,n,cfhµ 94 iǫ
abcB¯a
d
fs,+
µνub
e
µud
fλγ5γλTA,n,cefν 119
ǫabcB¯a
d
ub
eµue
fνuf
gλug
hργ5γµDνλTA,n,cdhρ 95 iǫ
abcB¯a
d
fs,+
µνub
eλud
f
λγ5γµTA,n,cefν 120
ǫabcB¯a
d
ub
eµue
fνuf
gλug
hργ5γµDνρTA,n,cdhλ 96 iǫ
abcB¯a
d
fs,+
µνub
eλuc
fργ5γµDνλTA,n,defρ 121
ǫabcB¯a
d
ub
eµue
fνuf
gλug
hργ5γµDλρTA,n,cdhν 97 iǫ
abcB¯a
d
fs,+
µνub
eλuc
fργ5γλDµρTA,n,defν 122
ǫabcB¯a
d
ub
eµue
fνuf
gλug
hργ5γνDµλTA,n,cdhρ 98 iǫ
abcB¯a
d
fs,+
µνub
eλud
fργ5γµDνλTA,n,cefρ 123
ǫabcB¯a
d
ub
eµue
fνuf
gλug
hργ5γνDµρTA,n,cdhλ 99 iǫ
abcB¯a
d
fs,+
µνub
eλud
fργ5γµDλρTA,n,cefν 124
ǫabcB¯a
d
ub
eµue
fνuf
gλug
hργ5γνDλρTA,n,cdhµ 100 iǫ
abcB¯a
d
fs,+
µνub
eλud
fργ5γλDµρTA,n,cefν 125
ǫabcB¯a
d
ub
eµue
fνuf
gλug
hργ5γρDµνTA,n,cdhλ 101 iǫ
abcB¯a
d
f+b
eµνud
fλue
gργ5γµDνλTA,n,cfgρ 412
ǫabcB¯a
d
ub
eµue
fνuf
gλug
hργ5γρDµλTA,n,cdhν 102 iǫ
abcB¯a
d
f+b
eµνud
fλue
gργ5γµDνρTA,n,cfgλ 413
εµνλρǫabcB¯a
d
ub
e
µuc
f
νud
g
λue
hσDρTA,n,fghσ 15 103 iǫ
abcB¯a
d
f+b
eµνud
fλue
gργ5γµDλρTA,n,cfgν 414
εµνλρǫabcB¯a
d
ub
e
µuc
f
νud
gσue
h
λDρTA,n,fghσ 104 iǫ
abcB¯a
d
f+b
eµνud
fλue
gργ5γλDµρTA,n,cfgν 415
εµνλρǫabcB¯a
d
ub
e
µuc
f
νud
gσug
h
λDρTA,n,efhσ 105 iǫ
abcB¯a
d
f+b
eµνud
fλue
gργ5γρDµλTA,n,cfgν 416
εµνλρǫabcB¯a
d
ub
e
µuc
f
νue
g
λuf
hσDρTA,n,dghσ 106 iǫ
abcB¯a
d
f+b
eµνud
fλuf
gργ5γµDνλTA,n,cegρ 417
εµνλρǫabcB¯a
d
ub
e
µuc
f
νue
g
λug
hσDρTA,n,dfhσ 107 iǫ
abcB¯a
d
f+b
eµνud
fλuf
gργ5γµDνρTA,n,cegλ 418
εµνλρǫabcB¯a
d
ub
e
µuc
f
νue
gσug
h
λDρTA,n,dfhσ 108 iǫ
abcB¯a
d
f+b
eµνud
fλuf
gργ5γµDλρTA,n,cegν 419
εµνλρǫabcB¯a
d
ub
e
µuc
f
νu
gh
λuhg
σDρTA,n,defσ 109 iǫ
abcB¯a
d
f+b
eµνud
fλuf
gργ5γλDµρTA,n,cegν 420
εµνλρǫabcB¯a
d
ub
e
µuc
fσue
g
νuf
h
λDρTA,n,dghσ 110 iǫ
abcB¯a
d
f+b
eµνud
fλuf
gργ5γρDµλTA,n,cegν 421
εµνλρǫabcB¯a
d
ub
e
µud
f
νue
g
λuf
hσDρTA,n,cghσ 111 iǫ
abcB¯a
d
f+b
eµνue
fλuf
gργ5γµDνλTA,n,cdgρ 422
εµνλρǫabcB¯a
d
ub
e
µud
f
νue
g
λug
hσDρTA,n,cfhσ 112 iǫ
abcB¯a
d
f+b
eµνue
fλuf
gργ5γµDνρTA,n,cdgλ 423
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εµνλρǫabcB¯a
d
ub
e
µue
f
νuf
g
λug
hσDρTA,n,cdhσ 113 iǫ
abcB¯a
d
f+b
eµνue
fλuf
gργ5γµDλρTA,n,cdgν 424
εµνλρǫabcB¯a
d
ub
e
µue
f
νuf
gσug
h
λDρTA,n,cdhσ 114 iǫ
abcB¯a
d
f+b
eµνue
fλuf
gργ5γλDµρTA,n,cdgν 425
ǫabcB¯a
d
ub
eµuc
f
µf−e
gνλDνTA,n,dfgλ 16 115 iǫ
abcB¯a
d
f+b
eµνue
fλuf
gργ5γρDµλTA,n,cdgν 426
ǫabcB¯a
d
ub
eµuc
fνf−d
g
µ
λDνTA,n,efgλ 17 116 iǫ
abcB¯a
d
f+b
eµνufgλugf
ργ5γµDνλTA,n,cdeρ 427
ǫabcB¯a
d
ub
eµuc
fνf−d
g
µ
λDλTA,n,efgν 18 117 iǫ
abcB¯a
d
f+b
eµνufgλugf
ργ5γµDλρTA,n,cdeν 428
ǫabcB¯a
d
ub
eµuc
fνf−e
g
µ
λDνTA,n,dfgλ 19 118 iǫ
abcB¯a
d
f+b
eµνufgλugf
ργ5γλDµρTA,n,cdeν 429
ǫabcB¯a
d
ub
eµuc
fνf−e
g
µ
λDλTA,n,dfgν 20 119 iǫ
abcB¯a
d
f+
efµνube
λuc
gργ5γµDνλTA,n,dfgρ 430
ǫabcB¯a
d
ub
eµuc
fνf−e
g
ν
λDµTA,n,dfgλ 21 120 iǫ
abcB¯a
d
f+
efµνube
λuc
gργ5γµDνρTA,n,dfgλ 431
ǫabcB¯a
d
ub
eµuc
fνf−e
g
ν
λDλTA,n,dfgµ 22 121 iǫ
abcB¯a
d
f+
efµνube
λuc
gργ5γµDλρTA,n,dfgν 432
ǫabcB¯a
d
ub
eµud
f
µf−c
gνλDνTA,n,efgλ 23 122 iǫ
abcB¯a
d
f+
efµνube
λuc
gργ5γλDµρTA,n,dfgν 433
ǫabcB¯a
d
ub
eµud
f
µf−e
gνλDνTA,n,cfgλ 123 iǫ
abcB¯a
d
f+
efµνube
λuc
gργ5γρDµλTA,n,dfgν 434
ǫabcB¯a
d
ub
eµud
fνf−c
g
µ
λDνTA,n,efgλ 24 124 iǫ
abcB¯a
d
f+
efµνube
λud
gργ5γµDνλTA,n,cfgρ 435
ǫabcB¯a
d
ub
eµud
fνf−c
g
µ
λDλTA,n,efgν 25 125 iǫ
abcB¯a
d
f+
efµνube
λud
gργ5γµDνρTA,n,cfgλ 436
ǫabcB¯a
d
ub
eµud
fνf−e
g
µ
λDνTA,n,cfgλ 126 iǫ
abcB¯a
d
f+
efµνube
λud
gργ5γµDλρTA,n,cfgν 437
ǫabcB¯a
d
ub
eµud
fνf−e
g
µ
λDλTA,n,cfgν 127 iǫ
abcB¯a
d
f+
efµνube
λud
gργ5γλDµρTA,n,cfgν 438
ǫabcB¯a
d
ub
eµud
fνf−e
g
ν
λDµTA,n,cfgλ 128 iǫ
abcB¯a
d
f+
efµνube
λud
gργ5γρDµλTA,n,cfgν 439
ǫabcB¯a
d
ub
eµud
fνf−e
g
ν
λDλTA,n,cfgµ 129 iǫ
abcB¯a
d
f+
efµνube
λuf
gργ5γµDνλTA,n,cdgρ 440
ǫabcB¯a
d
ub
eµue
f
µf−c
gνλDνTA,n,dfgλ 130 iǫ
abcB¯a
d
f+
efµνube
λuf
gργ5γµDνρTA,n,cdgλ 441
ǫabcB¯a
d
ub
eµue
f
µf−d
gνλDνTA,n,cfgλ 131 iǫ
abcB¯a
d
f+
efµνube
λuf
gργ5γµDλρTA,n,cdgν 442
ǫabcB¯a
d
ub
eµue
f
µf−f
gνλDνTA,n,cdgλ 132 iǫ
abcB¯a
d
f+
efµνube
λuf
gργ5γλDµρTA,n,cdgν 443
ǫabcB¯a
d
ub
eµue
fνf−c
g
µ
λDνTA,n,dfgλ 133 iǫ
abcB¯a
d
f+
efµνube
λuf
gργ5γρDµλTA,n,cdgν 444
ǫabcB¯a
d
ub
eµue
fνf−c
g
µ
λDλTA,n,dfgν 134 iǫ
abcB¯a
d
f+
efµνub
gλuge
ργ5γµDνλTA,n,cdfρ 445
ǫabcB¯a
d
ub
eµue
fνf−c
g
ν
λDµTA,n,dfgλ 135 iǫ
abcB¯a
d
f+
efµνub
gλuge
ργ5γλDµρTA,n,cdfν 446
ǫabcB¯a
d
ub
eµue
fνf−c
g
ν
λDλTA,n,dfgµ 136 iε
µνλρǫabcB¯a
d
f+b
e
µνuc
f
λud
gσDρTA,n,efgσ 126 447
ǫabcB¯a
d
ub
eµue
fνf−d
g
µ
λDνTA,n,cfgλ 137 iε
µνλρǫabcB¯a
d
f+b
e
µνuc
f
λue
gσDρTA,n,dfgσ 127 448
ǫabcB¯a
d
ub
eµue
fνf−d
g
µ
λDλTA,n,cfgν 138 iε
µνλρǫabcB¯a
d
f+b
e
µνuc
f
λuf
gσDρTA,n,degσ 128 449
ǫabcB¯a
d
ub
eµue
fνf−d
g
ν
λDµTA,n,cfgλ 139 iε
µνλρǫabcB¯a
d
f+b
e
µνuc
fσud
g
λDρTA,n,efgσ 129 450
ǫabcB¯a
d
ub
eµue
fνf−d
g
ν
λDλTA,n,cfgµ 140 iε
µνλρǫabcB¯a
d
f+b
e
µνuc
fσue
g
λDρTA,n,dfgσ 451
ǫabcB¯a
d
ub
eµue
fνf−f
g
µ
λDνTA,n,cdgλ 141 iε
µνλρǫabcB¯a
d
f+b
e
µνuc
fσuf
g
λDρTA,n,degσ 130 452
ǫabcB¯a
d
ub
eµue
fνf−f
g
µ
λDλTA,n,cdgν 142 iε
µνλρǫabcB¯a
d
fs,+µνub
e
λuc
fσDρTA,n,defσ 131
ǫabcB¯a
d
ub
eµue
fνf−f
g
ν
λDµTA,n,cdgλ 143 iε
µνλρǫabcB¯a
d
fs,+µνub
e
λud
fσDρTA,n,cefσ 132
ǫabcB¯a
d
ub
eµue
fνf−f
g
ν
λDλTA,n,cdgµ 144 iε
µνλρǫabcB¯a
d
f+b
e
µνud
f
λue
gσDρTA,n,cfgσ 453
ǫabcB¯a
d
ub
eµufgµf−cf
νλDνTA,n,degλ 26 145 iε
µνλρǫabcB¯a
d
f+b
e
µνud
f
λuf
gσDρTA,n,cegσ 454
ǫabcB¯a
d
ub
eµufgµf−df
νλDνTA,n,cegλ 146 iε
µνλρǫabcB¯a
d
f+b
e
µνud
fσue
g
λDρTA,n,cfgσ 455
ǫabcB¯a
d
ub
eµufgµf−ef
νλDνTA,n,cdgλ 147 iε
µνλρǫabcB¯a
d
f+b
e
µνud
fσuf
g
λDρTA,n,cegσ 456
ǫabcB¯a
d
ub
eµufgµf−gf
νλDνTA,n,cdeλ 148 iε
µνλρǫabcB¯a
d
f+b
e
µνue
f
λuf
gσDρTA,n,cdgσ 457
ǫabcB¯a
d
ub
eµufgνf−cfµ
λDνTA,n,degλ 27 149 iε
µνλρǫabcB¯a
d
f+b
e
µνue
fσuf
g
λDρTA,n,cdgσ 458
ǫabcB¯a
d
ub
eµufgνf−cfµ
λDλTA,n,degν 28 150 iε
µνλρǫabcB¯a
d
f+b
e
µνu
fg
λugf
σDρTA,n,cdeσ 459
ǫabcB¯a
d
ub
eµufgνf−cfν
λDµTA,n,degλ 151 iε
µνλρǫabcB¯a
d
f+
ef
µνubeλuc
gσDρTA,n,dfgσ 460
ǫabcB¯a
d
ub
eµufgνf−cfν
λDλTA,n,degµ 152 iε
µνλρǫabcB¯a
d
f+
ef
µνubeλud
gσDρTA,n,cfgσ 461
ǫabcB¯a
d
ub
eµufgνf−dfµ
λDνTA,n,cegλ 153 iε
µνλρǫabcB¯a
d
f+
ef
µνubeλuf
gσDρTA,n,cdgσ 462
ǫabcB¯a
d
ub
eµufgνf−dfµ
λDλTA,n,cegν 154 iε
µνλρǫabcB¯a
d
f+
ef
µνube
σuc
g
λDρTA,n,dfgσ 463
ǫabcB¯a
d
ub
eµufgνf−dfν
λDµTA,n,cegλ 155 iε
µνλρǫabcB¯a
d
f+
ef
µνube
σud
g
λDρTA,n,cfgσ 464
ǫabcB¯a
d
ub
eµufgνf−dfν
λDλTA,n,cegµ 156 iε
µνλρǫabcB¯a
d
f+
ef
µνube
σuf
g
λDρTA,n,cdgσ 465
ǫabcB¯a
d
ub
eµufgνf−efµ
λDνTA,n,cdgλ 157 iε
µνλρǫabcB¯a
d
f+
ef
µνub
g
λuge
σDρTA,n,cdfσ 466
ǫabcB¯a
d
ub
eµufgνf−efµ
λDλTA,n,cdgν 158 iǫ
abcB¯a
d
f+b
eµνf−c
f
µ
λ
DνTA,n,defλ 133 467
ǫabcB¯a
d
ub
eµufgνf−efν
λDµTA,n,cdgλ 159 iǫ
abcB¯a
d
f+b
eµνf−c
f
µ
λ
DλTA,n,defν 134 468
ǫabcB¯a
d
ub
eµufgνf−efν
λDλTA,n,cdgµ 160 iǫ
abcB¯a
d
f+b
eµνf−d
f
µ
λ
DνTA,n,cefλ 135 469
ǫabcB¯a
d
ub
eµufgνf−gfµ
λDνTA,n,cdeλ 161 iǫ
abcB¯a
d
f+b
eµνf−d
f
µ
λ
DλTA,n,cefν 136 470
ǫabcB¯a
d
ub
eµufgνf−gfµ
λDλTA,n,cdeν 162 iǫ
abcB¯a
d
f+b
eµνf−e
f
µ
λ
DνTA,n,cdfλ 471
ǫabcB¯a
d
ub
eµufgνf−gfν
λDµTA,n,cdeλ 163 iǫ
abcB¯a
d
f+b
eµνf−e
f
µ
λ
DλTA,n,cdfν 472
ǫabcB¯a
d
ub
eµufgνf−gfν
λDλTA,n,cdeµ 164 iǫ
abcB¯a
d
f+
efµνf−beµ
λDνTA,n,cdfλ 473
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ǫabcB¯a
d
ub
eµuc
fνf−e
gλρDµνλTA,n,dfgρ 29 165 iǫ
abcB¯a
d
f+
efµνf−beµ
λDλTA,n,cdfν 474
ǫabcB¯a
d
ub
eµud
fνf−c
gλρDµνλTA,n,efgρ 30 166 ǫ
abcB¯a
d
f+b
eµνf−c
fλρσµνDλTA,n,defρ 137 475
ǫabcB¯a
d
ub
eµud
fνf−e
gλρDµνλTA,n,cfgρ 167 ǫ
abcB¯a
d
f+b
eµνf−c
fλρσµλDνTA,n,defρ 138 476
ǫabcB¯a
d
ub
eµue
fνf−c
gλρDµνλTA,n,dfgρ 168 ǫ
abcB¯a
d
f+b
eµνf−d
fλρσµνDλTA,n,cefρ 139 477
ǫabcB¯a
d
ub
eµue
fνf−d
gλρDµνλTA,n,cfgρ 169 ǫ
abcB¯a
d
f+b
eµνf−d
fλρσµλDνTA,n,cefρ 140 478
ǫabcB¯a
d
ub
eµue
fνf−f
gλρDµνλTA,n,cdgρ 170 iǫ
abcB¯a
d
fs,+
µνf−b
e
µ
λDνTA,n,cdeλ 141
ǫabcB¯a
d
ub
eµufgνf−cf
λρDµνλTA,n,degρ 31 171 iǫ
abcB¯a
d
fs,+
µνf−b
e
µ
λDλTA,n,cdeν 142
ǫabcB¯a
d
ub
eµufgνf−df
λρDµνλTA,n,cegρ 172 ǫ
abcB¯a
d
fs,+
µνf−b
eλρσµλDνTA,n,cdeρ 143
ǫabcB¯a
d
ub
eµufgνf−ef
λρDµνλTA,n,cdgρ 173 ǫ
abcB¯a
d
f+b
eµνf−e
fλρσµνDλTA,n,cdfρ 479
ǫabcB¯a
d
ub
eµufgνf−gf
λρDµνλTA,n,cdeρ 174 ǫ
abcB¯a
d
f+b
eµνf−e
fλρσµλDνTA,n,cdfρ 480
iǫabcB¯a
d
ub
eµuc
fνf−d
gλρσµνDλTA,n,efgρ 32 175 ǫ
abcB¯a
d
f+
efµνf−be
λρσµνDλTA,n,cdfρ 481
iǫabcB¯a
d
ub
eµuc
fνf−d
gλρσµλDνTA,n,efgρ 33 176 ǫ
abcB¯a
d
f+
efµνf−be
λρσµλDνTA,n,cdfρ 482
iǫabcB¯a
d
ub
eµuc
fνf−e
gλρσµνDλTA,n,dfgρ 34 177 iǫ
abcB¯a
d
f+b
eµνhc
f
µ
λ
DνTA,n,defλ 144 483
iǫabcB¯a
d
ub
eµuc
fνf−e
gλρσµλDνTA,n,dfgρ 35 178 iǫ
abcB¯a
d
f+b
eµνhc
f
µ
λ
DλTA,n,defν 145 484
iǫabcB¯a
d
ub
eµuc
fνf−e
gλρσµλDρTA,n,dfgν 36 179 iǫ
abcB¯a
d
f+b
eµνhd
f
µ
λ
DνTA,n,cefλ 146 485
iǫabcB¯a
d
ub
eµuc
fνf−e
gλρσνλDµTA,n,dfgρ 37 180 iǫ
abcB¯a
d
f+b
eµνhd
f
µ
λ
DλTA,n,cefν 147 486
iǫabcB¯a
d
ub
eµud
fνf−c
gλρσµλDνTA,n,efgρ 38 181 iǫ
abcB¯a
d
f+b
eµνhe
f
µ
λ
DνTA,n,cdfλ 487
iǫabcB¯a
d
ub
eµud
fνf−c
gλρσµλDρTA,n,efgν 39 182 iǫ
abcB¯a
d
f+b
eµνhe
f
µ
λ
DλTA,n,cdfν 488
iǫabcB¯a
d
ub
eµud
fνf−e
gλρσµνDλTA,n,cfgρ 183 iǫ
abcB¯a
d
f+
efµνhbeµ
λDνTA,n,cdfλ 489
iǫabcB¯a
d
ub
eµud
fνf−e
gλρσµλDνTA,n,cfgρ 184 iǫ
abcB¯a
d
f+
efµνhbeµ
λDλTA,n,cdfν 490
iǫabcB¯a
d
ub
eµud
fνf−e
gλρσµλDρTA,n,cfgν 185 iǫ
abcB¯a
d
f+b
eµνhc
fλρDµλρTA,n,defν 148 491
iǫabcB¯a
d
ub
eµud
fνf−e
gλρσνλDµTA,n,cfgρ 186 iǫ
abcB¯a
d
f+b
eµνhd
fλρDµλρTA,n,cefν 149 492
iǫabcB¯a
d
ub
eµue
fνf−c
gλρσµνDλTA,n,dfgρ 187 iǫ
abcB¯a
d
f+b
eµνhe
fλρDµλρTA,n,cdfν 493
iǫabcB¯a
d
ub
eµue
fνf−c
gλρσµλDνTA,n,dfgρ 188 iǫ
abcB¯a
d
f+
efµνhbe
λρDµλρTA,n,cdfν 494
iǫabcB¯a
d
ub
eµue
fνf−c
gλρσµλDρTA,n,dfgν 189 ǫ
abcB¯a
d
f+b
eµνhc
fλρσµνDλTA,n,defρ 150 495
iǫabcB¯a
d
ub
eµue
fνf−c
gλρσνλDµTA,n,dfgρ 190 ǫ
abcB¯a
d
f+b
eµνhc
fλρσµλDνTA,n,defρ 151 496
iǫabcB¯a
d
ub
eµue
fνf−d
gλρσµνDλTA,n,cfgρ 191 ǫ
abcB¯a
d
f+b
eµνhd
fλρσµνDλTA,n,cefρ 152 497
iǫabcB¯a
d
ub
eµue
fνf−d
gλρσµλDνTA,n,cfgρ 192 ǫ
abcB¯a
d
f+b
eµνhd
fλρσµλDνTA,n,cefρ 153 498
iǫabcB¯a
d
ub
eµue
fνf−d
gλρσµλDρTA,n,cfgν 193 ǫ
abcB¯a
d
f+b
eµνhe
fλρσµνDλTA,n,cdfρ 499
iǫabcB¯a
d
ub
eµue
fνf−d
gλρσνλDµTA,n,cfgρ 194 ǫ
abcB¯a
d
f+b
eµνhe
fλρσµλDνTA,n,cdfρ 500
iǫabcB¯a
d
ub
eµue
fνf−f
gλρσµνDλTA,n,cdgρ 195 ǫ
abcB¯a
d
f+
efµνhbe
λρσµνDλTA,n,cdfρ 501
iǫabcB¯a
d
ub
eµue
fνf−f
gλρσµλDνTA,n,cdgρ 196 ǫ
abcB¯a
d
f+
efµνhbe
λρσµλDνTA,n,cdfρ 502
iǫabcB¯a
d
ub
eµue
fνf−f
gλρσµλDρTA,n,cdgν 197 iǫ
abcB¯a
d
∇µf+b
e
µ
νuc
fλDνTA,n,defλ 154 503
iǫabcB¯a
d
ub
eµue
fνf−f
gλρσνλDµTA,n,cdgρ 198 iǫ
abcB¯a
d
∇µf+b
e
µ
νuc
fλDλTA,n,defν 155 504
iǫabcB¯a
d
ub
eµufgνf−cf
λρσµνDλTA,n,degρ 199 iǫ
abcB¯a
d
∇µf+b
e
µ
νud
fλDνTA,n,cefλ 156 505
iǫabcB¯a
d
ub
eµufgνf−cf
λρσµλDνTA,n,degρ 40 200 iǫ
abcB¯a
d
∇µf+b
e
µ
νud
fλDλTA,n,cefν 157 506
iǫabcB¯a
d
ub
eµufgνf−cf
λρσµλDρTA,n,degν 41 201 iǫ
abcB¯a
d
∇µfs,+µ
νub
eλDνTA,n,cdeλ 158
iǫabcB¯a
d
ub
eµufgνf−cf
λρσνλDµTA,n,degρ 202 iǫ
abcB¯a
d
∇µfs,+µ
νub
eλDλTA,n,cdeν 159
iǫabcB¯a
d
ub
eµufgνf−df
λρσµνDλTA,n,cegρ 203 iǫ
abcB¯a
d
∇µfs,+
νλub
e
µDνTA,n,cdeλ 160
iǫabcB¯a
d
ub
eµufgνf−df
λρσµλDνTA,n,cegρ 204 iǫ
abcB¯a
d
∇µfs,+
νλub
e
νDµTA,n,cdeλ 161
iǫabcB¯a
d
ub
eµufgνf−df
λρσµλDρTA,n,cegν 205 iǫ
abcB¯a
d
∇µfs,+
νλub
eρDµνρTA,n,cdeλ 162
iǫabcB¯a
d
ub
eµufgνf−df
λρσνλDµTA,n,cegρ 206 ǫ
abcB¯a
d
∇µfs,+
νλub
eρσµνDλTA,n,cdeρ 163
iǫabcB¯a
d
ub
eµufgνf−ef
λρσµνDλTA,n,cdgρ 207 ǫ
abcB¯a
d
∇µfs,+
νλub
eρσµνDρTA,n,cdeλ 164
iǫabcB¯a
d
ub
eµufgνf−ef
λρσµλDνTA,n,cdgρ 208 ǫ
abcB¯a
d
∇µfs,+
νλub
eρσµρDνTA,n,cdeλ 165
iǫabcB¯a
d
ub
eµufgνf−ef
λρσµλDρTA,n,cdgν 209 iǫ
abcB¯a
d
∇µf+b
e
µ
νue
fλDνTA,n,cdfλ 507
iǫabcB¯a
d
ub
eµufgνf−ef
λρσνλDµTA,n,cdgρ 210 iǫ
abcB¯a
d
∇µf+b
e
µ
νue
fλDλTA,n,cdfν 508
iǫabcB¯a
d
ub
eµufgνf−gf
λρσµνDλTA,n,cdeρ 211 iǫ
abcB¯a
d
∇µf+
ef
µ
ν
ube
λDνTA,n,cdfλ 509
iǫabcB¯a
d
ub
eµufgνf−gf
λρσµλDνTA,n,cdeρ 212 iǫ
abcB¯a
d
∇µf+
ef
µ
ν
ube
λDλTA,n,cdfν 510
iǫabcB¯a
d
ub
eµufgνf−gf
λρσµλDρTA,n,cdeν 213 iǫ
abcB¯a
d
∇µ∇µf+b
eνλγ5γνTA,n,cdeλ 166 511
iǫabcB¯a
d
ub
eµufgνf−gf
λρσνλDµTA,n,cdeρ 214 iǫ
abcB¯a
d
∇µ∇νf+b
e
µ
λγ5γνTA,n,cdeλ 167 512
ǫabcB¯a
d
ub
eµuc
f
µhe
gνλDνTA,n,dfgλ 42 215 ǫ
abcB¯a
d
f+b
eµνf+c
f
µ
λ
γ5γνTA,n,defλ 168 513
ǫabcB¯a
d
ub
eµuc
fνhd
g
µ
λDνTA,n,efgλ 43 216 ǫ
abcB¯a
d
f+b
eµνf+d
f
µ
λ
γ5γνTA,n,cefλ 169 514
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ǫabcB¯a
d
ub
eµuc
fνhd
g
µ
λDλTA,n,efgν 44 217 ǫ
abcB¯a
d
f+b
eµνf+e
f
µ
λ
γ5γνTA,n,cdfλ 515
ǫabcB¯a
d
ub
eµuc
fνhe
g
µ
λDνTA,n,dfgλ 45 218 ǫ
abcB¯a
d
f+b
eµνf+e
f
µ
λ
γ5γλTA,n,cdfν 516
ǫabcB¯a
d
ub
eµuc
fνhe
g
µ
λDλTA,n,dfgν 46 219 ǫ
abcB¯a
d
f+b
eµνf+c
fλργ5γµDνλTA,n,defρ 170 517
ǫabcB¯a
d
ub
eµuc
fνhe
g
ν
λDµTA,n,dfgλ 47 220 ǫ
abcB¯a
d
f+b
eµνf+d
fλργ5γµDνλTA,n,cefρ 171 518
ǫabcB¯a
d
ub
eµuc
fνhe
g
ν
λDλTA,n,dfgµ 221 ǫ
abcB¯a
d
f+b
eµνfs,+µ
λγ5γνTA,n,cdeλ 172
ǫabcB¯a
d
ub
eµud
f
µhc
gνλDνTA,n,efgλ 48 222 ǫ
abcB¯a
d
f+b
eµνfs,+µ
λγ5γλTA,n,cdeν 173
ǫabcB¯a
d
ub
eµud
f
µhe
gνλDνTA,n,cfgλ 223 ǫ
abcB¯a
d
f+b
eµνfs,+
λργ5γµDνλTA,n,cdeρ 174
ǫabcB¯a
d
ub
eµud
fνhe
g
µ
λDνTA,n,cfgλ 224 ǫ
abcB¯a
d
f+b
eµνfs,+
λργ5γλDµρTA,n,cdeν 175
ǫabcB¯a
d
ub
eµud
fνhe
g
µ
λDλTA,n,cfgν 225 ǫ
abcB¯a
d
f+b
eµνf+e
fλργ5γµDνλTA,n,cdfρ 519
ǫabcB¯a
d
ub
eµud
fνhe
g
ν
λDµTA,n,cfgλ 226 ǫ
abcB¯a
d
f+b
eµνf+e
fλργ5γλDµρTA,n,cdfν 520
ǫabcB¯a
d
ub
eµud
fνhe
g
ν
λDλTA,n,cfgµ 227 ε
µνλρǫabcB¯a
d
f+b
e
µνf+c
f
λ
σ
DρTA,n,defσ 176 521
ǫabcB¯a
d
ub
eµue
f
µhc
gνλDνTA,n,dfgλ 228 ε
µνλρǫabcB¯a
d
f+b
e
µνfs,+λ
σDρTA,n,cdeσ 177
ǫabcB¯a
d
ub
eµue
f
µhd
gνλDνTA,n,cfgλ 229 ε
µνλρǫabcB¯a
d
f+b
e
µνf+e
f
λ
σ
DρTA,n,cdfσ 522
ǫabcB¯a
d
ub
eµue
f
µhf
gνλDνTA,n,cdgλ 230 ǫ
abcB¯a
d
ub
eµuc
fνχ+d
gγ5γµTA,n,efgν 178 523
ǫabcB¯a
d
ub
eµue
fνhc
g
µ
λDνTA,n,dfgλ 231 ǫ
abcB¯a
d
ub
eµuc
fνχ+e
gγ5γµTA,n,dfgν 179 524
ǫabcB¯a
d
ub
eµue
fνhc
g
µ
λDλTA,n,dfgν 232 ǫ
abcB¯a
d
ub
eµuc
fνχ+e
gγ5γνTA,n,dfgµ 180 525
ǫabcB¯a
d
ub
eµue
fνhc
g
ν
λDµTA,n,dfgλ 233 ǫ
abcB¯a
d
ub
eµud
fνχ+c
gγ5γµTA,n,efgν 181 526
ǫabcB¯a
d
ub
eµue
fνhd
g
µ
λDνTA,n,cfgλ 234 ǫ
abcB¯a
d
ub
eµud
fνχ+e
gγ5γµTA,n,cfgν 527
ǫabcB¯a
d
ub
eµue
fνhd
g
µ
λDλTA,n,cfgν 235 ǫ
abcB¯a
d
ub
eµud
fνχ+e
gγ5γνTA,n,cfgµ 528
ǫabcB¯a
d
ub
eµue
fνhd
g
ν
λDµTA,n,cfgλ 236 ǫ
abcB¯a
d
ub
eµue
fνχ+c
gγ5γµTA,n,dfgν 529
ǫabcB¯a
d
ub
eµue
fνhf
g
µ
λDνTA,n,cdgλ 237 ǫ
abcB¯a
d
ub
eµue
fνχ+c
gγ5γνTA,n,dfgµ 530
ǫabcB¯a
d
ub
eµue
fνhf
g
µ
λDλTA,n,cdgν 238 ǫ
abcB¯a
d
ub
eµue
fνχ+d
gγ5γµTA,n,cfgν 531
ǫabcB¯a
d
ub
eµue
fνhf
g
ν
λDµTA,n,cdgλ 239 ǫ
abcB¯a
d
ub
eµue
fνχ+d
gγ5γνTA,n,cfgµ 532
ǫabcB¯a
d
ub
eµue
fνhf
g
ν
λDλTA,n,cdgµ 240 ǫ
abcB¯a
d
ub
eµue
fνχ+f
gγ5γµTA,n,cdgν 533
ǫabcB¯a
d
ub
eµufgµhef
νλDνTA,n,cdgλ 241 ǫ
abcB¯a
d
ub
eµue
fνχ+f
gγ5γνTA,n,cdgµ 534
ǫabcB¯a
d
ub
eµufgµhgf
νλDνTA,n,cdeλ 242 ǫ
abcB¯a
d
ub
eµufgνχ+cfγ5γµTA,n,degν 182 535
ǫabcB¯a
d
ub
eµufgνhefµ
λDνTA,n,cdgλ 243 ǫ
abcB¯a
d
ub
eµufgνχ+cfγ5γνTA,n,degµ 536
ǫabcB¯a
d
ub
eµufgνhefµ
λDλTA,n,cdgν 244 ǫ
abcB¯a
d
ub
eµufgνχ+dfγ5γµTA,n,cegν 537
ǫabcB¯a
d
ub
eµuc
fνhd
gλρDµλρTA,n,efgν 49 245 ǫ
abcB¯a
d
ub
eµufgνχ+dfγ5γνTA,n,cegµ 538
ǫabcB¯a
d
ub
eµuc
fνhe
gλρDµνλTA,n,dfgρ 50 246 ǫ
abcB¯a
d
ub
eµufgνχ+efγ5γµTA,n,cdgν 539
ǫabcB¯a
d
ub
eµuc
fνhe
gλρDµλρTA,n,dfgν 51 247 ǫ
abcB¯a
d
ub
eµufgνχ+efγ5γνTA,n,cdgµ 540
ǫabcB¯a
d
ub
eµuc
fνhe
gλρDνλρTA,n,dfgµ 248 ǫ
abcB¯a
d
ub
eµufgνχ+gfγ5γµTA,n,cdeν 541
ǫabcB¯a
d
ub
eµud
fνhc
gλρDµνλTA,n,efgρ 52 249 ǫ
abcB¯a
d
ub
eµufgνχ+gfγ5γνTA,n,cdeµ 542
ǫabcB¯a
d
ub
eµud
fνhe
gλρDµνλTA,n,cfgρ 250 ǫ
abcB¯a
d
ub
eµuc
fνχ+,sγ5γµTA,n,defν 183 543
ǫabcB¯a
d
ub
eµud
fνhe
gλρDµλρTA,n,cfgν 251 ǫ
abcB¯a
d
ub
eµud
fνχ+,sγ5γµTA,n,cefν 184 544
ǫabcB¯a
d
ub
eµud
fνhe
gλρDνλρTA,n,cfgµ 252 ǫ
abcB¯a
d
ub
eµue
fνχ+,sγ5γµTA,n,cdfν 545
ǫabcB¯a
d
ub
eµue
fνhc
gλρDµνλTA,n,dfgρ 253 ǫ
abcB¯a
d
ub
eµue
fνχ+,sγ5γνTA,n,cdfµ 546
ǫabcB¯a
d
ub
eµue
fνhc
gλρDµλρTA,n,dfgν 254 ǫ
abcB¯a
d
f−b
eµνχ+c
fDµTA,n,defν 185 547
ǫabcB¯a
d
ub
eµue
fνhd
gλρDµνλTA,n,cfgρ 255 ǫ
abcB¯a
d
f−b
eµνχ+d
fDµTA,n,cefν 186 548
ǫabcB¯a
d
ub
eµue
fνhd
gλρDµλρTA,n,cfgν 256 ǫ
abcB¯a
d
f−b
eµνχ+e
fDµTA,n,cdfν 549
ǫabcB¯a
d
ub
eµue
fνhf
gλρDµνλTA,n,cdgρ 257 ǫ
abcB¯a
d
f−
efµνχ+beDµTA,n,cdfν 550
ǫabcB¯a
d
ub
eµue
fνhf
gλρDµλρTA,n,cdgν 258 ǫ
abcB¯a
d
hb
eµνχ+c
fDµTA,n,defν 187 551
ǫabcB¯a
d
ub
eµue
fνhf
gλρDνλρTA,n,cdgµ 259 ǫ
abcB¯a
d
hb
eµνχ+d
fDµTA,n,cefν 188 552
ǫabcB¯a
d
ub
eµufgνhef
λρDµνλTA,n,cdgρ 260 ǫ
abcB¯a
d
hb
eµνχ+e
fDµTA,n,cdfν 553
ǫabcB¯a
d
ub
eµufgνhef
λρDµλρTA,n,cdgν 261 ǫ
abcB¯a
d
hefµνχ+beDµTA,n,cdfν 554
iǫabcB¯a
d
ub
eµuc
fνhd
gλρσµνDλTA,n,efgρ 53 262 ǫ
abcB¯a
d
ub
eµ∇νχ+,sDµTA,n,cdeν 189 555
iǫabcB¯a
d
ub
eµuc
fνhd
gλρσµλDνTA,n,efgρ 54 263 ǫ
abcB¯a
d
ub
eµ∇νχ+,sDνTA,n,cdeµ 190 556
iǫabcB¯a
d
ub
eµuc
fνhe
gλρσµνDλTA,n,dfgρ 55 264 ǫ
abcB¯a
d
∇µ∇νχ+b
eγ5γµTA,n,cdeν 191 557
iǫabcB¯a
d
ub
eµuc
fνhe
gλρσµλDνTA,n,dfgρ 56 265 iǫ
abcB¯a
d
f+b
eµνχ+c
fγ5γµTA,n,defν 192 558
iǫabcB¯a
d
ub
eµuc
fνhe
gλρσµλDρTA,n,dfgν 57 266 iǫ
abcB¯a
d
f+b
eµνχ+d
fγ5γµTA,n,cefν 193 559
iǫabcB¯a
d
ub
eµuc
fνhe
gλρσνλDµTA,n,dfgρ 58 267 iǫ
abcB¯a
d
fs,+
µνχ+b
eγ5γµTA,n,cdeν 194
iǫabcB¯a
d
ub
eµud
fνhe
gλρσµνDλTA,n,cfgρ 268 iǫ
abcB¯a
d
f+b
eµνχ+e
fγ5γµTA,n,cdfν 560
iǫabcB¯a
d
ub
eµud
fνhe
gλρσµλDνTA,n,cfgρ 269 iǫ
abcB¯a
d
f+
efµνχ+beγ5γµTA,n,cdfν 561
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iǫabcB¯a
d
ub
eµud
fνhe
gλρσµλDρTA,n,cfgν 270 iǫ
abcB¯a
d
f+b
eµνχ+,sγ5γµTA,n,cdeν 195 562
iǫabcB¯a
d
ub
eµud
fνhe
gλρσνλDµTA,n,cfgρ 271 iǫ
abcB¯a
d
ub
eµuc
fνχ−d
gDµTA,n,efgν 196 563
iǫabcB¯a
d
ub
eµue
fνhc
gλρσµνDλTA,n,dfgρ 272 iǫ
abcB¯a
d
ub
eµuc
fνχ−e
gDµTA,n,dfgν 197 564
iǫabcB¯a
d
ub
eµue
fνhc
gλρσµλDνTA,n,dfgρ 273 iǫ
abcB¯a
d
ub
eµuc
fνχ−e
gDνTA,n,dfgµ 198 565
iǫabcB¯a
d
ub
eµue
fνhc
gλρσµλDρTA,n,dfgν 274 iǫ
abcB¯a
d
ub
eµud
fνχ−c
gDµTA,n,efgν 199 566
iǫabcB¯a
d
ub
eµue
fνhd
gλρσµνDλTA,n,cfgρ 275 iǫ
abcB¯a
d
ub
eµud
fνχ−e
gDµTA,n,cfgν 567
iǫabcB¯a
d
ub
eµue
fνhd
gλρσµλDνTA,n,cfgρ 276 iǫ
abcB¯a
d
ub
eµud
fνχ−e
gDνTA,n,cfgµ 568
iǫabcB¯a
d
ub
eµue
fνhd
gλρσµλDρTA,n,cfgν 277 iǫ
abcB¯a
d
ub
eµue
fνχ−c
gDµTA,n,dfgν 569
iǫabcB¯a
d
ub
eµue
fνhf
gλρσµνDλTA,n,cdgρ 278 iǫ
abcB¯a
d
ub
eµue
fνχ−c
gDνTA,n,dfgµ 570
iǫabcB¯a
d
ub
eµue
fνhf
gλρσµλDνTA,n,cdgρ 279 iǫ
abcB¯a
d
ub
eµue
fνχ−d
gDµTA,n,cfgν 571
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